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SUMHOARY

I. Purpose, Scope and Organization of the Report

This research was undertaken to identify models and techniques applicable

to key issues in preparedness and recovery and evaluate the potential for

molding sets of these tools into analytical systems for the assessment of

alternative US preparedness and recovery programs.

The approach entails a parallel effort. First, a conceptual framework

for the assessment of the performance of the socio-economic system as it

passes from peacetime through the recovery process is developed. This

framework will provide a basis for a consistent and comprehensive identifi-

cation of key analytical issues and their relation to required tools and

techniques. Second, program areas already identified as the concern of

preparedness and recovery planning are categorized according to immediate

objectives and a statement of relevant analytical concerns is derived. The

issues identified in the second approach are envisioned as a subset of the

concerns incorporated in the conceptual framework.

A survey of available tools and techniques is then considered. The

applicability of each tool to particular analytical objectives with respect

to recovery analysis is assessed as well as the conceptual limitations

associated with the tools. From the conceptual framework, a set of analytical

issues is derived, and based on appropriate analytical objectives, each is
associated with applicable tools. Three illustrative analytical systems

are outlined, each associated with a particular set of assumptions about the

recovery environment.

From the foregoing results, the elements of a research strategy for

development of analytical systems are identified. Upon this basis recomnenda-

tions are made on the initiation of a research program.



II. The Conceptual Framework

A conceptual framework for the assessment of the performance of the

socio-economic system is required because the evaluation of a program or

policy must be accomplished in terms of society's preference for various
outcomes. The elements in elaborating the framework are:

e the identification of goals;

* determination of the sources of welfare;

9 describing the production of welfare; and

* tackling the measurement problem.

In identifying national goals, individual characteristics of an outcome

can be translated into a level of satisfaction for the society as a whole.

The characteristics, in turn, relate to levels of activities which are the

sources of welfare. These activities may be exclusive, that is, private

goods, the consumption of which by one individual reduces the availability

to others, or non-exclusive, or public goods. Primary sources of welf are

that stem from non-exclusive activities include:

* external security

e demographic change and public health

9 operation of the political-economic system

* other governmental services.

Sets of exclusive activities would include:

" private health

" domestic security

" consumption and leisure

" accumulation of wealth

The production of welfare can be characterized as commercial and non-commercial

activity. The criterion is the feasibility of charging a price, which is

directly related to the principle of exclusion. Comercial activities are

carried on by both the private and public sectors, while non-commercial

2



activities include public sector services and the private use of leisure time.

The measurement problem relates both to the identification of trade-offs

between activities in terms of social welfare and to the selection of

indicators for levels of activities. In order to evaluate outcomes. it is

necessary to determine quantitative indicators for each of the activities

that serve as sources of welfare. In the case of many activities, particularly

in the non-exclusive category, this may be quite unorthodox--for national

security, for example. Furthermore, the quantitative indicators are

certain to ignore important qualitative differences between otherwise similar

achievements in an activity. The task, however, is unavoidable.

III. Key Issues in Preparedness and Recovery

A second and parallel approach to the identification of key issues was

pursued which served to link the more abstract categories of the conceptual

framework to the concrete operational concerns of preparedness and recovery

planning. Each program area can be related to the specific analytical

objectives with which a relevant assessment of the postattack system would

be conducted. That is, parameters in the design of preparedness and recovery

programs would be determined by addressing the characteristics of one or

more of the following functions in the postattack system:

* goal formulation;

* production possibilities--given resources and the set of available
technologies, determination of the set of feasible output combinations;

9 control mechanisms--elements in the system which can be manipulated
to drive it toward a particular desired state; and,

e the setting of instruments--determination of the appropriate values
for control instruments in order to achieve (or approach) the
desired system state.

Potential preparedness and recovery programs can be organized according

to their ismediste objectives. It should be noted, however, that despite

these nominal objectives these program elements share common objectives which

relate to the broader set of concerns set out in the conceptual framework,



that is, with respect to the performance of the socio-economic system as a

whole. A useful classification of preparedness and recovery by nominal

objective is provided in the National Plan for Emergency Preparedness. l/

The program elements in each of the three categories, mitigation of attack

effects, economic survival and recovery, and institutional survival and

recovery, can be examined for the relationship of key issues in the design

of the program to analytical objectives in assessment of the postattack

system. A summary of these relationsips appears in the table immediately

following. These analytical objectives, in turn, can be used to relate key

program issues to analytical tools in the design of analytical systems.

It is also obvious that both the requirements for programs and the

picture of system functioning which is employed will depend to a large

extent on the particular recovery environment. Three alternative environ-

ments were chosen, for which illustrative analytical systems were to be

designed:

" The light damage environment--brief survival/reorganization
phase, limited disruption of peacetime relationships; in
absence of immediate external threat, goals would be longer
term and balanced; direct controls would be restricted to the
immediate post-emergency phase and primary attention devoted
to programs in the economic survival and recovery category.

" The moderate damage environment--an intermediate case, in which
extraordinary measures would be required to insure economic and
institutional recovery for a considerable period after the onset
of emergency; fixed claims on resources (national security, public
health care, etc.) may severely limit achievement of other objectives
in the short-to-mid-term.

" The heavy damage environment--reestablishment of production units
in affected areas may well come only after an extensive reconstruc-
tion effort; recovery depends on the expansion of capacity to
exceed consumption levels before inventories are depleted; direct
controls will predominate for some time and new institutional
structure may have little resemblence to peacetime patterns with
the public sector assuming roles traditionally reserved for the
private sector.

l/ Office of Emergency Planning, The National Plan for Emergency Preparedness,
USGPO, Washington, December 1964, pp. 8-9.

I,.4



wI I U) I 1

00 -u 0 '4 0 1 m "4 4
go 4 4. w V "D 60 0-4..-1

.4v4-41 W4 c 4.
WI 04 4 -W 0 44 0. 0) V *P4 0

Aj ~ 0 0ma0 U04r- ".~1
U) 0 t 0 00)-4 E.-4 0 W m 4

,4 1. 1w .0 0 0.. w 0 -4 "4

4) 44 w 0 w 0 v & 4)A d14 0-4 cf

4. 00) -,4W .~ Q41 w00U)s ) i >u

U -4 14" E.4 0 >N4 -14 ~ c. 0 "4c
U,.- C 5 0 H -4 00 0 0 .0.4

o 1-4"4 .0 0 M

'00 0 40 cGw w
* 0 ul- Ll0 cc 4. the-

"4-4 m >1cc a
40 -4 A.) Aj 61rr_ c

.0lU. t u V L0 0 .40

to 000 -m u ) ). -
W - 4 0 l I., .6 G 0. - 4 

W~~~~~4 0 4 1444c u A
> cc o r. 0 c 0 v * 4s

> 0 0) -44. 000'- 4.
-W 00 sw m GJ41 4

0v c . c 4 14

"4 Jl4 w = 0. 4 .. '4 4 E -4 "

$.. 0d( 0 0 0 U0 -W U,' 1 U) -4
'4j cc x WE -4 .4 1 =0 4 4.0 m
0- -4 $4 0 0*.410 4 0 0. CL)"I s IiI I i v ii4 -ti4

u Cl) 4.' >0- > I

( 00- 0 4)- 0 vU .4 U 1 0
> .ja C U) m. .04 0L 0 -44. u 0.4

.- 4 0w =. 00 w 0 41 A.4 o
') t.- CJ-40 4.4 sw -' w .4u 0 00 *0.
C I. r-. 0) Q'4(r 4 0 >44- 041 w 4 M

0~~~~ aC E-0. r- 0 ~ 0 0- 04 1

>-. "- 04 Q) 0m
0 4 -0 41 > )I 0 p $

0 P " 0I 0wc91 0$
004 IW $. )04t ) A ,.'C 0 Q0-

o) '4' M.- u-I4 mC) c -4 0 0
V4 0 41 r 0 c0 u.0 $-0 0.Wm00 4

-Li(J 4 0 A14- = .4 L 140 04U 0U 1
Ai m40 4.4 0-.1 E-. m 8U C0cc 4 00 a

ccE-4 0 0 -,-1 > w4 (Vw 0 Q)% 4 4r 0 4 0 -
91 O- 0). 4 0 0 D. 0)C - 0. >U)0 C4

00) 00 . 00 0 0 -400'

0. 0w -44 w- WL.- .

tt 00 m0r-
0 440 4 9 to 4 ) 00

-W = $W 0 0 4

- 0 V 0c 0 0 44
-4 to 0 .U . c4 -4 "

0 V4 to 4.' 0'4
0 0 & 0) r0 0 M r 0 c 0

' 0 m ~ aC) 0 w 04
0 = .4 ) 0 0) 1 -4r:c l 0 H

L 0 DvU)C 0 $w 0> 0- a) 4
Ll*-r.C- 4 0 4-H .0E

A4. W- .1 r. 0 0 0 ()b j-, )()m r
m4 0 V00) .4 0 m'44= w
4) w) c ) 0m 4 Q) C ,.0-

9- o4-* u- tL

0 .A j 4 -45 4J ) ).4 0

- 4) 4- > ) N
&I~ 0*V-4 0

0061.0 40 )> 40t
* . 0 0.L U) 0 A'

0z 04 0> A 0

1 .I- u (14-4

be I I0 lw a) to

0

0 0L



.C w: Er

.4W -4 4D> )A.

>0 LIL0 a .

u u. v~ 08 0

a4 6 W u 0"

0IV~-~~ c 014 c Q

~81 .4I( 10
~Lr .Ic

1 -

E 0C, 0.. r-0..,cc1(
.0 ~ .- Li t. an .. *- .

o 41 .-4 .C .8 4 E
* ~ t- ~0 0 "M.

I" &. 0. -4iC C CVC

0 d- a).- L

S''1- 0 Er,

M. it tr x ~ .0 S..4L

0. 0.81 08'.0.I ~ 0003

0.~r - w~. 1U.830 0 c8-
0 I(V. 1P. E.. .81C C C-.

.. Ic >i c
W Li 1. C..

tr 5 &J 6J I- 4 w. Li W

tic .i 4 U

V 61 6
C " r c c6



The themes of appropriateness to analytical objectives and alternative

environments are pursued in the examination of individual tools and techniques.

IV. Inventory of Tools and Techniques

Given the complexity and diversity of analytical problems and the vast

range of possible system responses, no single tool or technique can be

used to answer satisfactorily the many issues in preparedness and recovery

that are to be resolved. Included in these questions are issues of

what resources are to be devoted to what purposes, in what time frame, at

which locations, how the resource allocation is to be effected, how the

system is to be monitored and controlled, and so forth. Some well known

tools (primarily techniques from the discipline of economics) were considered

as to their standard application, possible application in preparedness and

recovery analysis, and their conceptual limitations in application. The

techniques covered here involve extensive use of formal mathematical

expressions enabling analysis to be conducted in rigorous and reproduceable

fashion. Other analytical approaches, with greater emphasis on subjective

assessment from disciplines such as psychology and sociology are also certain

to prove useful for recovery analysis, but are not treated here.

The two tables following indicate some sunmmary indications of the

inventory of tools and techniques. The first presents a tabulation of the

applicability of individual techniques in examining the four basic system

functions. The second table provides very brief assessments of the character,

capability and limitations of each of the individual techniques.

V. Requirements for Analytical Systems

The elements involved in the choice of an analytical technique for

application to a particular issue include:

*identification of analytical objectives, i.e., the relevant system
functions and the process in which they are interrelated;

*the environment in which the system operates

7
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TABLE 3:

TOOLS, TECHNIQUES AND THEIR APPLICATION

(Partial list of use and limitation of
tools and techniques being addressed
under Project)

M '

0 W

SN 0 " w 05
0 0J w $
4. $4 104J a 4

M- CA.0 CL 5M A .

0J 0 4

OPTIMAL CONTROL I,

SIMULATION /II

PROGRAMMING / /

SYSTEMS DYNAMICS / / I /

DECISION THEORY / /

ECONOMETRICS / /

INFORMATION THEORY I /

INPUT-OUTPUT /

GAME THEORY / / /
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- the degree of certainty with which one can describe system functions,

- the information that will be available to decisionmakers,

- the anticipated locus of decisionmaking, and

- other environmental implications for system characteristics; and

*the spectrum of available techniques

- information requirements,

- computational requirements,

- conceptual limitations, and

- compatability with other techniques for application in hybrid

analytical systems.

In light of these considerations, the conceptual framework was further

elaborated to associate key analytical issues with each activity and, in

turn, a set of suggested techniques compiled for each issue.

Having gained required insights from all of these foregoing considerations,

three illustrative analytical systems were designed to correspond to the

alternative postulated environments. In this effort, it was clear that the

specific choices for the components of an analytical system depend heavily

on assumptions about the recovery environment. This is an important implica-

tion for arriving at a research strategy. For the light damage environment,

the analytical system includes techniques appropriate to system relationships

which are readily inferred from peacetime experience in terms of production

possibilities, the spectrum of control mechanisms, and system responses: to

the settings of instruments. As the degree of disruption increases in the

description of an environment, the appropriate tools incorporate the

possibility of specifying relationships which depart considerably from those

of peacetime. These may draw on microeconomic behavior whether observed in

peacetime or postulated from a descriptive or prescriptive analysis of decision-

making under uncertainty. The specification of direct control mechanisms

(rationing, etc.) is also appropriate to the heavier damage environments,

and has implications for analytical tools appropriate to address the settings

of instruments.

10



The analysis of the goal formulation process requires an innovative

approach for each of the environments considered. If the degree of disrup-

tion in the environment considered is great, the structuring of the problem

for the application of any of the possible approaches provides a considerable

challenge.

IV. Research Priorities and Design Considerations

A primary concern in structuring the development of analytical systems

for the evaluation of alternative preparedness and recovery programs ILs

ensuring that analytical results and plans to cope with particular problems

are consistent with overall welfare maximization and are feasible given

total resource availabilities and structural and behavioral interrelations

between components of the system. It is necessary, therefore, to conduct

analyses within a total system framework, recognizing these interrelations

and feedbacks to the extent practicable. The conceptual framework presented

here provides for a comprehensive consideration of national objectives, trade-

off s between those goals, identification of production possibilities and

segmentation of analytical issues.

Because of the very significant cost involved in the development of

highly specific analytical systems, a step-by-step approach to establishing

requirements is justified. The major steps of the recoummended strategy are:

*the establishment of national objectives and their relative
importance in recovery environments;

* the segmentation of objectives in relation to discrete activities;
ascertaining characteristics and indicators for activities;

* identification of principal analytical problems, leading to a[
detailed research agenda for subsequent analysis and implementation;

* establishment of priorities for analytical tasks based on

- probabilistic assessment of potential recovery environments

- tentative estimates of the value of possible advance preparedness
and recovery programs based on likely scenarios

- the estimated costs and benefits of developing appropriate
analytical systems.



Reasonable a priori expectations can be formed that candidate analytical

systems thus determined would involve sets of tools as illustrated here,

including econometric system dynamics, game-theoretic and other models.

Without undertaking the necessary work on detailed requirements, however,

it is clearly premature to launch research and analysis of a highly

specific nature with particular forms of tools.

12
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ABSTRACT

This report identifies economic models and techniques appropriate for

9 use in analyzing key issues in preparedness and economic recovery programs

and evaluates the potential of each for use within analytical systems required

for the assessment of alternative U.S. postwar reconstruction and recovery

environments. Following the introduction in Section I, the conceptual frame-

work is outlined in Section 11, while key issues in preparedness and recovery

are detailed in Section Ill. Section IV provides an inventory of available

tools and techniques for the assessment of the characteristics and performance

of economic systems. Section V associates these tools and techniques to

analytical issues to which they are related under alternative recovery environ-

ments. The report concludes with recommendations for future research on the

development of analytical systems for the assessment of recovery and prepared-

ness programs in Section V1.

DISCLAIMER

The view and conclusions contained in this document are those of the

authors and should not be interpreted as necessarily representing the official

policies, either expressed or implied, of the Federal Emergency Management

Agency or other agencies of the United States Government.

CONTRACTUAL NOTE

Technical Note CEPR-TN-7932-1 and its summary were prepared in fulf ill-

ment of Task I under Contract DCPA0l-78-C-0309.
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1. INTRODUCTION

A. Purpose

Possibilities of nuclear exchange or holocaust have again become thinkable.

Certainly the consequences of such events deserve thought. It is not that the

eventuality of nuclear catastrophe is certain, a hope universally shared. But,

if it should occur despite best preventive efforts and extremely low odds,

resulting losses are so great and recovery tasks so monumental that it is wise

to be well prepared for the contingency. An ancillary benefit of having such

plans and preparations is that they can be used in anticipation and aftermath of

natural disasters--earthquakes, hurricanes, and so forth.

Needs for a program to increase the state of U.S. preparedness are

heightened by substantial neglect for more than a decade of such contingency

plans. While emergency plans and procedures existed in good measure in the early

1960s, they were allowed to atrophy by a succession of administrations under the

doctrine of nuclear war deterrence via mutually assured destruction. Yet, even

if that concept were valid, which is disputable, that would not diminish the

value of adequate preparations should deterrence have failed. Dismantling the

emergency preparedness apparatus was extremely ill advised.

Because of population and industrial growth, the greater sophistication

and accuracy of weapons, the larger destructiveness and numbers of nuclear war-

heads, planning tasks Are more complex and difficult than those faced by planners

In the post '40s era. Also, because of those same factors and that the 1980s

will be years marked by slow economic growth and greater international political

and economic tensions, near-term needs for a preparedness system have risen even

more.



The research reported herein was undertaken in order to identify models

and techniques applicable to key issues in preparedness and economic recovery,

and to evaluate the potential for molding these tools into analytical systems

required for assessment of alternative U.S. postwar reconstruction and recovery

environments. The approach is intended to provide a consistent and comprehensivC

* set of analytical issues related to the functioning of the socio-economic system.,

from which the particular concerns of a recovery environment can be identified.

Through a consideration of the capabilities and limitations of individual

techniques in application to the recovery environment, techniques and issues can

be correlated to devise a framework for the development of appropriate analytical

systems.

The approach proceeds from insights provided in past and ongoing research

into recovery phenomena, but viewed in a conceptual framework which organizes

economic processes according to the requirements for the functioning of the socio-

economic system. This analysis then provides a continuum through the phases of

economic recovery around which analytical systems can be designed when combined

with special requirements postulated for specific recovery environments. Based

on relations between key issues and analytical tools, the ultimate objective is

the derivation of research priorities and design considerations for the develop-

ment of much-needed analytical systems in the near-to-mid-term future.

A second research task undertaken for the Federal Emergency Management

Agency under this contract is reported on in a separate technical note. 1

Wheceas this first task proceeds from an analytical framework for examining

the performance of a socio-economic system at a level which abstracts from the

set of institutional and behavioral characteristics particular to a given

system at a point in time, the approach to the comparative analysis outlined

in the second study, while also concerned with the accomplishment of societal

objectives, is somewhat different. The approach to comparative U.S.-U,S.S.R.

anatysis draws on the set of concepts identified in the recent literature on

compa.rative economic systems to derive implications for U.S. and U.S.S.R.

1/ Herbert S. Levine and M. Mark.Earle, Jr., An Approach to the Comparative
Analysis of the U.S. and Soviet Economies, SRI International Technical Note
CEPR-TN-7932-2, August 1980.
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recovery potential based on the functional decision-making structures in the

* two economies. These implications would certainly be brought to bear in

establishing priorities for the application of analytical systems to U.S.

recovery and preparedness issues discussed here.

B. Scope

It is inherent in the purpose of the research undertaken that considerations

of analytical concerns in the design of preparedemss and recovery programs be as

comprehensive as possible. The consideration of program elements, however, is

pursued only to the extent that key questions about their relationship to the

performance of the socio-economic system can be derived, It is demonstrated

below that the parameters of preparedness and recovery programs are dictated, not

only by available resources and strategic and engineering questions, but also by

common objectives with regard to economic performance and the anticipated state

of the socio-economic system. It is therefore appropriate that primary attention

was devoted to the functioning of that system under conditions of survival!

reconstruction and recovery and the analytical objectives common to preparedness

and recovery programs thus derived, It is clear that in meeting the.;e analytical

objectives through the implementation of research on appropriate analytical

systems, important implications will be forthcoming for the design of recovery

and preparedness programs consistent with anticipated requirements on the

economic system, given overall national objectives and the spectrum of initial

conditions. Thus, while the specific approach of existing or developing programs

to accomplishing national preparedness objectives is not of immediate concern

here, the embodied perception of their objectives, the aspects of the functioning

of tho system with which they are expressly concerned, and their analytical

requtrements in terms of that system were important. They served in establish-

Ing analytical objectives in parallel with the development of the conceptual

framework and in the examination of the responsiveness of potential analytical

systems to the needs of program planners.

3



While the specifics of preparedness and recovery program elements are not

* considered here to be key variables in the design of analytical systems, the

alternative recovery environments for which they are to be designed are, of

course, significant. The locus and nature of goal-setting, the continuity of

peacetime economic processes, the' interaction of technological, behavioral, and

institutional relationships in the functioning of the system, and the set of

feasible and desirable controls on the functioning of the economv can be expected

to vary widely with the degree of damage sustained by the nation. The time

horizon and the nature of the transition of the economy from a survival/reorganiza-

tion to a recovery mode would reflect the extent of damage, possibly mitigated bN

effective preparedness and recovery programs. Therefore, the analysis seeks to

encompass the approach to the phenomena of the survival/reorganization and recovery

phases of the system under three alternative sets of initial conditions: light

damage; light-to-moderate damage; and very heavy damage to population and economic

assets.

C. Organization of the Report

The next section of this report sets forth the conceptual framework for the

design of required analytical syste.,. The framework presents a systematic

approach to identifying the elements of the socio-economic system. A comprehensive

and consistent means is thus provided to delineate analytical issues which

transcend the phases of the recovery process and the nature of the damage sus-

tained. The development of the framework proceeds from a consideration of

the nature of objectives, the spectrum of sources and production of welfare in

the socio-economic system, and the problem of measuring the performance of the

system in order to evaluate alternative outcomes.

Section 111 examines key issues in preparedness and recovery. This is an

effort in parallel with the conceptual framework to identify requirements in

the evaluation of alternative preparedness and recovery programs, based on an

examination of the concepts and program approaches heretofore identified by

research on recovery phenomena and incorporated into the development of current

policy initiatives. The utility of the conceptual framework in organizing the

implications of these past and ongoing efforts for the formulation of analytical

objec-tives Is demonstrated.

4



An inventory of available tools and techniques for the assessment of tht

characteristics and performance of economic systems is provided in Section IV.

In each case, a description of the technique, its standard applications, suggested

application in recovery analysis, and its conceptual limitations are discussed.

In Section V these techniques are related to the analytical issues to which the-

are applicable under alternative recovery environments. Based on the foregoing;

analysis, recommendations for future research on the development of analvtical

systems for the assessment of recovery and preparedness programs are provided in

Section VI. These recommendations include a suggested set of priorities for

research tasks and maj-or design considerations for the analytical systems to be

developed.
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11. The Conceptual Framework

*A. Need for an Overall Framcwor"

Any program undertaken to increase the state of preparedness of the U.S.

to survive and recover from a nuclear attack must have as its ultimate pur-

*pose to enhance the capabilities of the nation to achieve its objectives in the

postattack period. While thi!- ultimate purpose is a task with which a Soviet

economic planner may, of necessity, be acquainted, it is not one with which

Western policy planners or empirical economists have coped, even relevant to

* the much narrower band of uncertaintv associated with the peacetime economy.

In regard to a postattack system, thle scope of activities of concern to policy

planners far exceeds that which they have addressed heretofore in a mixed

economy either in peacetime or in any emergency situation without the guidelines

provided by the normal operation of the political process. The analyst is

confronted by a complex, rather loosely defined set of issues. These are

further complicated by the broad uncertainty as to the performance of the

system, both in regard to the initial conditions for recovery and the

response of economic and political elements of the system to the uniquc

characteristics of the postattack environment.

In order, then, to identify a comprehensive and consistent set of ana-

lytical issues which must be addressed by the set of tools to be developed,

it is necessary to find a framework with which to organize the investigation.

The framiework provides the spectrum of the activities which are the sources

of welfare and against which achievement of national objectives and the perfor-

mance of the socio-economic system can be measured. Analytical issues can

then be derived in regard to:

*The resolution of national objectives into goals for individual
activities;

*Production possibilities for sources of welfare, and production
trade-offs among sources of welfare over time;

6



*The mechanisms and instruments by means of which levels and
directions of activities can be controlled; and

* Given objectives, production possibilities, and the set of contrcl
mechanisms available to policy makers, the settings of instruments
which will produce appropriate responses by the system.

B. Identification of Goals

In order to evaluate alternative policies and programs, the projected

impact of their implementation on the performance of the system must be com-

pared. The standard of comparison, in turn, must relate to the measure of

achievement of national object4 ves. Yet national objectives may be resolved

along a large number of separate dimensions. To compare outcomes, achieve-

ments along these separate dimensions must be measured and combined into a

composite indicator. Even if production possibilities are knourn (that is,

along a particular dimension, given resources, the maximum achievement is

knourn), unless some means of evaluation of the combination of achievements

available from alternative allocations of resources exists, no guidance can

be provided as to which point along the frontier of production possibilities

is to be preferred.

Therefore, three required aspects of an analytical framework for the

functioning of the socio-economic system, whether in peacetime or in a

recovery environment, are apparent:

" A national objective function which translates individual charac-
teristics of an outcome (i.e., achievements along each of the
multiple dimensions) into a level of satisfaction for the societv
as a whole; time preferences and preferred locational patterns
should also be reflected;

" A s -t of dimensions along which achievements are to be measured and
which are the arguments of the objective function; and

" Appropriate indicators for achievements along the dimensions.

The association of a quantitative measure of achievement with certain of

the dimensions, for example, national security, may be unorthodox and will

certainly ignore some qualitative differences between particular achievements.

A proxy measure must nevertheless be chosen to provide for comprehensiveness

in the evaluation of outcomes.

1h?, traditional approach of Western welfare economics describes the national

* objective as the maximization of a social utility function which is a function



of the utility associated by individuals with particular outcomes, but not

the summation of individual utilities. It is often assumed that, with an

appropriate distribution of income, when the social welfare function indi-

cates indifference between two sets of achievements, every individual is

also indifferent between those two sets. Alternatively, it can be assumed

here that the distributional pattern of goods and services provided in tht

economy will be a variable in the welfare function, i.e. a member of the set

of characteristics to be addressed.

It remains to set forth the arguments of the social utility function.

Those are the sources of welfare with which objectives are associated.

C. Sources of Welfare

The sources of the welfare of the nation are divers, activities. These

activities fall into two separate classes in regard to the nature of their

utilization by individuals. Thus, a distinction can be made between

" Non-exclusive activities--often termed public or social goods in the

literature. Consumption of goods or services related to this class
of activities by one individual does not diminish the availability
or the potential utility of the good or service to another indivi-
dual. Standard examples include national security, and the mainte-
nance of law and order or a healthy environment.

* Exclusive activities--non-public or private goods. For this class of
activities, consumption by one individual reduces the potential
availability of the good or service to others, for example the con-
sumption of food. 1

Determining socially optimal levels for the production of non-exclusive

act.ivities poses a problem even in the normal market economy. If it is not

possible to exclude an individual from consuming, he may not reveal his true

prelerence for the activity. Thus, this class of activity is usually under-

taken by the public sector and the mandate for provision of a given level of

These definitions are actually concerned with the concepts of the pure public
good and pure private good. In practice, there are goods and services which
fall somewhere in the middle. The process of urban renewal, for instance,
,an be undertaken for esthetic improvement for the community at large, yet

sre-ifir benefits pertain to those who live in the uppraded housing, etc.



these activities derived from the political process as well as acquiescence

in sharing the tax burden.

Primary sources of welfare that arise from non-exclusive activitieF

include:

- external security

- demographic change and public health

- operation of the political-economic system

- other governmental services

Sets of exclusive activities would include:

- private health

- domestic security

- consumption and leisure

- accumulation of wealth

In the elaborated conceptual framework, these sets will be further disaggregated,

in order that potential indicators and key analytical issues can be identified.

D. Production of Welfare

Activities involved in the production of welfare may be carried on by both

the private and public sectors. Traditionally in the U.S. economy, the public

sector engages in production only in the cases for which it is not feasible to

charge the consumer a price (as for national security) or where there exists a

"natural monopoly," such as the postal system. In addition, if the decisions

ot IndLviduals based on their assessment of private costs and benefits would

result in underconsumption from a social point of view, the public sector may

intervene, such as in education or social security.

Activities involved in the production of welfare, then, also fall into

two classes, again differentiated on the principle of exclusivity:

9 Commercial activities--goods or services which can be sold. These
may be carried on either by the private or the public sector

1 9



*Non-commercial activities--those activities for which it is infea-
sible to charge the individual beneficiary a price.

This latter set of activities may also include private uses of leisure time,

such as the participation of individuals in the political process, partici-

pation in non-political social organizations, and some forms of recreation.

Production decisions in the private sector are based upon some optimizing

behavior in response to prices of inputs and demand for output. Public sector

activities may operate on the same basis, at a loss subsidized by other reve-

nlues, or at some set rate of profit in the case of commercial activities.

Production decisions for public sector non-commercial activities are governed

by the political process. It should be noted that the distinction drawn here

relates directly to the principle of exclusion used above. In order to charge

a price for an activity, it must also be feasible to exclude an individual from~

the benefits.

E. The General Measurement Problem

An increase in the well-being of a nation is usually measured,

with appropriate caveats, by an increase in the gross national product--a

measure of the amount of final goods and services produced. This measure is

obtained by two alternate methods: the total value of output less the deli-

veries to intermediate uses (value added totalled over sectors of origin) and

the sum of end uses (consumption plus investment plus government expenditures

plus net exports). In this accounting, goods and services which are sold are

valued at their selling price, while non-saleable services which are provided

by the public sector are valued at the cost of their inputs. Thus, any two

sets of public sector services provided at the same cost are valued alike,

tinder the assumption that given alternative feasible production sets, the

public sector has chosen optimally, producing each service at the level at

which costs are equated to benefits.

j; 10



Many sorts of activities are not reflected at all in the national income

accounts, although they may indeed impact on the level of social welfare.

Sevices provided in the household which are not sold, even if such services are

also available on a commercial basis, are not recorded in GNP. Pollution of

the environment in the course of production is not negatively reflected in GNP.

Illegal activities are excluded. Distributional considerations are also absent.

While several more or less concrete proposals for a broadly defined indicator

for the level of social welfare are available, the spectrum of activities which

are contemplated here would not be adequately treated by these proposed aggregate

measures, particularly the many non-economic considerations.

Thus, what is required for the evaluation of outcomes is the postulation

of an explicit social welfare function. The arguments of the function would

be indicators associated with each of the activities identified as sources of

welfare (obviously at a more disaggregated level than given above, in light

of the diverse nature of appropriate indicators), i.e., W=F(x,x ? .. n).

Assume now that the social welfare function is separable, i.e.,

W = f(x) + f2 (x2) + ... + f(x)

where the x to x are the indicators for activities, and further that
1 n

f.(xi) = aix. Since utility is an ordinal concept only, we can define
1/

W' = 1 W as the new social utility measure, where xi will be the numeraire,
ai

so that W1 a a2 a

X1 +_X2 + + n + xi
a a a

It is not necessary to make such assumptions about the appropriate form of

the social welfare function, but 
these reasonable assumptions are 

made for

clarity in the exposition.
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It is now necessary to choose appropriate activities and indicators and then

relate social utility of an outcome to a single value. The relative unit values

are in fact social priorities. They have to be chosen on the basis of hi.-

torical experience and modified to account for anticipated changes in priorities

in a recovery environment.

Given a scheme for evaluation of the desirability of a set of achievements,

it is also necessary to define the feasible set of achievements with a fixed

amount of available resources, the production possibilities of the nation.

Relevant data on relationships of resources to production are available from

the peacetime economy and statistical tools can be applied to estimate the

parameters of these relationships once their form has been appropriately spe-

cified. When this has been accomplished, trade-offs between achievements along

alternative dimensions can be obtained. The relevance of peacetime relation-

ships (production technology), however, in a postattack environment is not

obvious. It is clear that any research strategy aimed at providing tools

to evaluate policies for preparedness and recovery would include this last con-

sideration as a critical element--the implication of classes of recovery

environments for production relationships, as well as the impact of the attack

on initial resources available.

F. Measurement of the State of the System

It is clear that policymakers require an information system for the assess-

ment of the state of the system and production possibilities in order to evaluate

national performance, formulate goals, and design policies. The system must

collect information on the whole spectrum of activities outlined here, in terms

of the indicators defined, and both commercial and non-commercial production of

welfare. While this requirement is much broader than that met by existing na-

tional income accounting, much of the data are currently collected in some form.

In regard to the commercial production of welfare, in addition to national

income and product accounts, output indices, financial accounts, and employment

in persons and manhours are reported, although some categories of information

12



are regarded as proprietary and access is restricted. For non-commerical ac-

tivities, public sector accounts are generally published for the electorate

and for budgetary procedures by legislative bodies.

In the cast, of exclusive activities, detailed statistics on consumption

and wealth are compiled. Data on individual time budgEts indicating extent

and uses of leisure time are also available. For non-exclusive activities,

many sorts of indicators are published ranging from the availability of cul-

tural and health facilities to crime incidence and environmental quality.

Indicators of the distribution of welfare are prepared by population groupings

and region. An illustrative but by no means exhaustive listing of the variety

of current reporting can be obtained from a single annual volume--the Statis-

tical Abstract of the United States.r

In the following section a more disaggregated representation of the

sources of welfare is provided. There is also presented an attempt to as-

sociate with each activity an indicator or indicators of the achievement

level of the activity. While the diversity of such indicators is apparent

from that exercise, a manageable system of information collection designed

around that framework is certainly conceivable.

G. A Framework for Assessment of System Performance

The final task in this section is to elaborate the set of sources of

welfare given above. This can serve both as a basis for designing a process

to assess system performance and hence evaluate alternative outcomes, and as

a ineans in later discussion to organize a consistent and comprehensive consi-

deration of analytical issues which the various tools and techniques must

address.

6 13



I.

Table 1 which follows presents the spectrum of activities which are

sources of welfare. They are further subdivided into more specific

subelements, particularly the non-exclusive activities, which may subsume

t quite diverse undertakings. To each of these, characteristics are associate '

which in turn suggest quantitative indicators of achievement. While the

catalogue of activities may not be found exhaustive by some readers, it is

meant to represent the major elements for further consideration.

14
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Ill. Key Issues in Preparedness and Recovery

A. A Parallel Approach to Issue Identification

Apart from the effort to provide a consistent and comprehensive approacl

to the identification of key analytical issues via the development of a con-

ceptual framnework, a second and parallel effort was undertaken. Building on

the experience of program planners and researchers garnered in designing the

spectrum of preparedness and recovery programs as they have evolved over the

past two decades, a separate identification of key issues was pursued. This

served to link the more abstract categories of the conceptual framework to

the concrete operational concerns of preparedness and recovery planning. It

will been seen that in pursuing two parallel approaches, the commonality of

analytical ',jectives across program design efforts that vary in terms of

time horizons and in area of concern was demonstrated. This was a critical

result in assessing the responsiveness of analytical systems to the needs of

preparedness and recovery program planners.

B. Recovery and the Continuity of Economic Processes

Program elements clearly must relate to the functioning of the socio-

economic system as it passes through the recovery process from peacetime to

the recovered economy. Operationally, the program proceeds from a perceived

state of the system and undertakes appropriate activity to bring about a

desired state of the system. Program goals then are likely to pertain to

the system state at each point in time and to a desired state at the end of

one or more time horizons.

As a first step in organizing an examination of preparedness and re-

covery issues, then, a consideration of a time-phased view of the system

state in the recovery process is appropriate. A graphic representation of

the stages of recovery and preparedness over time is shown in Figure 1.

The vertical axis is labeled "Economic Value,"which will be left as an unde-
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fined index of production activity. The path indicated is consistent with

* much of current thinking on the evolution of the system given a pre-attack

crisis period and a staged attack with moderate damaged/ Section A of the

path reflects a growing peacetime ecnomv; Section B a mobilized economy

reflecting full capacity utilization to meet increased defense needs. Sec-

tions C1 ,and C, indicate the transwar economy as undamaged or lightly damageE

capacity is mobiliz, U to meet immediate survival and defense requirements.

Section D represents what has already been referred to as survival/reorgani-

zation, as remaining capacity is reconstructed to provide the elements of a

fully elaborated economic system. The transition to the next phase of mid-

to long-term economic recovery is not clearly demarcated but probably can be

thought of as analogous to the "take-off" of a developing country. The em-

phasis here, as stated at the outset, will be on the survival/reorganization

and recovery phases.

Vhat, then, are the functional elements of the system in reorganization

and recovery to which program actions must relate? In the relationship be-

tween system functioning and program actions, analytical objectives in deriving

implications for program design will become apparent. The flow diagram shown

as Figure 2 incorporates the functional elements of the system. Goals are

formulated as a desired system state at the end of the time horizon. Given

the current system state and the production possibilities, settings are ar-

rived at for control instruments to which the system responds. The new

system state is assessed, goals reevaluated, and the process is repeated.

Figure 2 also indicates where preparedness and recovery programs po-

tentially impact on system functioning. Programs which seek to mitigate

damage to human and physical assets impact primarily on the initial conditions

for reorganization and recovery and hence the production possibilities of the

system. Preparedness programs other than damage mitigation may impact on the

ability of control mechanisms to effectively elicit desired system responses

(economic stabilization planning, etc.) and also on production possibilities

(stockpiling and other resource management programs). The relative effective-

ness of particular program actions then is clearly measured in relative impact

on the system state in the direction of achievement of goals.

I/ It should be noted that this path is only one possible path within an
envelope of conceivable time paths for the system state. Both damage and
value of a set of activity levels should be measured in terms of the con-
ceptual framework. 23
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Therefore, the overall analytical objective in designing tools to assess

these impacts is to provide an accurate-as-possible picture of the func-

tioning of the appropriate aspect of the system which incorporates a

depiction of program/policy levers. Thus the primary analytical objec-

tives, as will be demonstrated in examining individual program areas, are

to describe:

" the formulation of goals, based on initial and desired system

states, including time and spatial disaggregations;

" production possibilities;

" control mechanisms; and,

" the setting of instruments, based on anticipated system responseF
and articulated goals.

Return briefly to the earlier figure on the stages of the recovery

process over time and superimpose the consideration of the functional ele-

ments of the system. The formulation of goals has been described as a

depiction of a desired system at the end of the time horizon. If time

horizons are determined by the transition of the economy from one stage

to the next, that is, if goals are defined and programs are oriented toward

a particular stage, the desired system state at the end of the time horizon

forms the initial conditions for the system for the following phase. This

is a rather complex way of indicating that even if programs are formulated

for a particular phase of the recovery process, they impact on the achieve-

ment of goals in the recovered economy. Therefore an analysis of program

effectiveness only in terms of short-run effectiveness, the achievement of

immediate goals, is incomplete. l
/

C. Programs and Policy Issues in Preparedness and Recovery

The National Plan for Emergency Preparedness, published by the Office

of Emergency Planning in December 1964, while dated in terms of institutional

approach, still provides a useful categorization of the required program

elemeuts for preparedness and recovery. These categories and their subele-

ment.; include:

I,' It is also true that whatever the goals for the end of the time horizon,

lecisionmakers are not likely to be indifferent to the path taken between

initial and final system states.
... . .. ... . .. . 25 . .
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* Mitigation of Attack Effects

- reduction of vulnerabilities (both of population and facilitic-)

- provision of essential communitV services

0 Economic Survival and hecovcr,

- provision of essential resources

- management of resources

-economic stabilization

* Institutional Survival and Rcoverv

- maintenance of civil order

- continuity of government

1
- protection of rights

These broad classes of preparedness and recovery programs, both prior to and

following this formulation of a plan for national action, have been addressed

by the research community and government program planners. For the most part,

howeve; what has been addressed is the feasiblility and cost-effectiveness of

concrete proposals for accomplishing a limited spectrum of subtasks to provide

for the continued functioning of the nation post-strike. In setting about

establishing requirements for analytical systems, therefore, it is necessary

to reexamine the set of issues which these systems will address in a compre-

hensive fashion.

1. Mitigation of Attack Effects

In the peacetime period, activities which relate to the reduction of vul-

nerability of population and the economic base to attack might include:

- crisis-relocation planning

- shelter construction

- industrial hardening

Office of Emergency Planning, The National Plan for Emergency Preparedness,
U.S.G.P.O., December 1964, pp. 8-9.
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In regard to each of these activities both the physical and economic feasi-

bility of programs, and the cost and effectiveness of various alternativc

measures are key issues. In the case of crisis relocation, the impact of

* implementation on the economy in case of a "false alarm" or limited attack

also has~ been a concern in the evaluation of its potential effectiveness.

In regard to industrial hardening programs, analogous concerns are

relevant: vulnerability of facilities, engineering feasibility of hardening

a facility, cost of hardening measures. In considering the priority of a

category of facilities in a program to reduce vulnerability, however, the
additional parameter, the relative value of a facility of that category in

the post-attack economy, should also be of concern. What then are the ana-

lvtical elements in addressing the economic value of the facility or in -

other terms, the value associated with an additional unit of productive

capacity in a given sector, in recovery? If the output of the facility is

in abundant supply relative to the demand, given production possiblilites

and production goals, then resources might better be utilized in hardening a

different catagory of facility.

Therefore, as well as a strategic assessment of the objectives of the

attac -k and an engineering assessment of the vulnerability and potential for

reducing the vulnerability of a class of facilities, an economic assessment

of the potential role of the facility in postattack recovery is required to

establish the parameters of a program design. The elements of the economic

assessment would include:

9 the set of production end-use goals over time

* the set of production possibilities over tine

e direct and indirect requirements for output of the sector in question

* the change in production possibilities with respect to a change in
the output of that sector

* the value of that change given objectives

Thus, beyond the notion that more of a good Call other things being equal) is

always preferred, the economic considerations involved in designing a hardening
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program involve not only the impact on the initial conditions for recovery,

but also the functioning of the system and recovery objectives as well.- 1

The second subelement included under the category of mitigation of attacIr

effects is the provision of essential conunity services. These are furthcr

defined as provision of survival amenities, basic utilities, and health, wel-

fare and informational services. The basic analytical issues here are

production possibilities (and production tradeoffs), demand for the service,

and appropriate allocation mechanisms, given the initial conditions and goals.

While subsistence levels for many of these items are dictated by biological

and engineering considerations, any growth beyond these levels has an oppor-

tunity cost in terms of achievement of other goals and thus must be

considered together (the impact on productivity of increased levels of thesc

services may in fact decrease apparent opportunity costs). A gap between

anticipated production possibilities at a point in time and desired levels

of consumption maxy also have implications for stockpiling policies and pro-

vision for redundant facilities.

2. Economic Survival and Recovery_

According to the National Plan:

The elements in this category have as their objectives insuring

efficient use of surviving resources, maintaining an economy
capable of supporting national requirements, and insuring avail-
ability of resources for expanding, ma taining, or restoring
production and distribution processes.-

Under provision of essential resources, one of three elements in this category,

are envisioned the maintenance of reserves and the development of substitutes

for critical resources, mobilizing productive capacity for defense needs,

and exercising import and export controls. Management of resources, the

second element, entails the planning and establishment of criteria for systpms

1/ This is not to ignore the equally important social consequences of program
actions which would be reflected in a truly comprehensive analysis. For
example, the social consequences of selectively providing shelter via a
hardening program.

2/ Offtce of Economic Preparedness, loc. cit.
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for allocation and distribution of resources for production. Lastly, eco-

nomic stabilization measures envisioned include control of wages, prices and

rents, rationing of essential consumers' goods, and the maintenance of finan-

cial systems.

While specific program actions under these major elements would depend~

on imbalances in supply and demand for production inputs and the degree of

damage to the infrastructure, criteria for preparedness and recovery planning

relevant to these program elements can be developed via the application of

analytical systems, under alternative potential environments. Clearly the

analytical objectives would pertain to production possibilities and the

identification of resource constraints on the ability to meet national re-

quirements, as well as the evaluation of the effectiveness of control

mechanisms and the development of guidelines for the settings of instruments

to obtain desired system responses. The forms of control mechanisms incor-

porated into the analytical picture of the system .would probably relate to

the character of the emergency -- direct controls (rationing, etc.) being

associated by planners with significant disruption of peacetime relationships,

and to the phase of the recovery process under consideration. The meeting

of national requirements, however, which the Plan directs policymakers to

support, is not a purely single-period phenomena, and it is clear that

actions taken in the early phase of recovery will impact on the capability

of the recovered economy to meet national objectives. Thus, a dynamic picture

of the system, responding to a set of control mechanisms evolving over time,

would be required in order to respond to the letter of this directive.

3. Institutional Survival and Recovery

This program category of the National Plan includes the followng ele-

ments: maintenance of civil order (law inforcement by police and possibly,

armed Forces), continuity of government (providing for leadership succession,

preservation of records, operational centers), and protection of rights

(establishment of a civil justice system assuring limitation of rights does

not exceed requirements of the emergency).
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in th, cas.s of the maintenance of law and ordr and the establishm,::

of a justict svster, it is not expected that the application of econon I,

tools and techuiqut'- can provide guidance as to how to accomplish these o,-

jectiveS via procr;- action-. Insights available from application o! thte,

tools, however, could includt:

e Availability of material and manpower to meet requirements for thes,

efforts, given resources, production possibilities and other objcc-
tives.

e Trade-ofts vith other activities

9 The impact of alternative levels of achievement in these efforts ii:

terms of system performance (labor productivity, accumulation of

assets, pattern of demand for consumer goods, etc.) and hence, an

estimate of the contribution of these activities to social welfart.

The evaluation of requirements for and contribution to system capabilities

of programs under the rubric of "continuity of government" would certainly

benefit from the development of appropriate analytical systems. Preser-

vation of records and information-gathering capabilities aid in assessment

of resources and requirements and hence provide for an increased ability effectively

to formulate goals, establish control mechanisms, and set the instruments in

order to obtain anticipated system response. Increased effectiveness of these

programs expands production possiblities for government services. As program

design would vary with the anticipated profile of government services, eval-

uating the cost and the contribution of various categories of services to

system performance can provide guidance in program design and for alternative

recovery environments:

- comparative feasibility, cost, and effectiveness of local, regional,

and national based services

- data requirements and the impact of the availability and reliabilit'

of information on system performance

- resource and infrastructure requirements of various profiles of

services

- evolution of optimal levels and profile of operations over time.

Thus, again in this category, analytical objectives relate to production pos-

sibilities, control mechanisms and settings of instruments, and the formulation

of goals.
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1). Pol ic%-_Issues- and Analyt ical__Qhiect iv-s in Su=,ir.

It is evident that thL, policy areas explicitly identified in prepa:trT.r,

and recovery prograr. planning r. latt. to a subsL t o! the act ivitit- enurt r,,: .

in the conceptual framework of Section I1 abo'vL. Tht desi cn (-f ang,',ti .

systems must be related to the broader set of issues organized around thL.,

framework, since the policy concerns of this section are not pursued in is,.-

lation from other aspects of the system, nor can outcomes be evaluated on i

narrow set of criteria. It is important, however, to identify analvtica:

objectives with respect to policy concerns already enunciated in order t(

demonstrate that they are subsumed ir addressing analvtical issues within tc.,

conceptual framework and are appropriately handled by a total system ap-roi.

The approach via the conceptual framework is further elaborated in Secti02 I,,

in which analytical issues are coupled with appropriate techniques to arriv,

at a design for analytical systems.

Table 2 provides illustrative issues relating to the prograr:

categories and elements discussed above. These issues are associated in th,

table with analytical objectives in system assessment. In Section IV, the,

appropriateness of particular techniques for meeting these objectives is in-

dicated so that techniques can be related to issues in the analysis in later

sections. Neither the issues in the table immediately following, or in tht

elaboration of the conceptual framework, are regarded as exhaustive, but

rather represent the spectrum of concerns involved in program design and as-.e.s-

ment of system performance.

E. Key Issues and the Recovery Environment

The alternative levels of damage and stages of recovery which this study

will consider have already been discussed above. It was also indicated that

the character and time span of each of the stages will depend to a consider-

able extent on the level of damage. Because program elements and the key

issues associated with them will serve as a guide in deriving specific design

.i si
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considerations and research priorities for analytical systems, it is useful

to address here the impact of alternative environments on key issuey.

1. The Light and Moderate Damage Cases

For the lighter damage environment, the survival/reorganization phase

can be expected to be briefer, given less severe disruption of peacetime

relationships. If an immediate external threat does not exist, key goals may

be longer term in nature, with a more balanced approach to the growth of eco-

nomic capabilities. Direct controls on resource allocation would probably be

restricted to thE immediate post emergency period. Peacetime information sys-

tems could be readily restored and augmented to reduce the uncertainty in

decisionmakin-z.

Primary attention would be devoted to program elements in the category of

Economic Survival and Recovery, particularly in regard to efficient management

of scarce resources and economic stabilization. Production possibilities would

reflect technology similar to that in the peacetime economy, but under the con-

straints of reduced capacity. Institutional survival would most likely not be

a concern and the spectrum of government operations would approximate the peace-

time pattern, within the levels dictated by the reduced availability of resources.

Thus, meeting the analytical objectives in regard to the design of programs for

this environment, following a relatively brief survival/reorganization phase,

would approximate the same tasks for the peacetime economy and very similar

analytical techniques are appropriate.

The moderate damage case can be viewed as an intermediate point in the spec-

tzu1'- ;etween the familiar problems of peacetime analysis and the speculation on

sysi em capabilities and performance characteristics in a heavily damaged en-

vironment, about which even historical experience provides little guidance.

ExLraordinary measures to insure both economic and institutional survival and

recovery will most certainly be required for a considerable period after the

onst of the emergency. The particular profile of damage may be critical to
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production possibilities and fixed claims on output (national security, publi

health care, etc.) may sevtrciv limit the achievement of other objectives iT,

the short-to mid-term. As survival is assured and reorganization providc

the foundation for capacity expansion, a standard of living above subsistenc,

levels and renewed inter-regional linkages, the analytical problem move-

toward th, light damage case for the recovering economy.

The Heavv Damage Case

This case presents analytical questions which tools developed for peace-

tim analysis are least able to answer in terms of the required picture of

production possibilities which is lacking. The reestablishment of production

units (outside of areas which escaped heavy damage and are highly self suffi-

cient) may well com only after an extensive reconstruction effort. The

feasibility of recovery would depend on the expansion of production capacity

to exceed consumption (and other fixed claims) before inventories are de-
1

pleted. Provision of essential resources and efficient management of

resources will be critical to assuring viability of the system. Problems of

economic stability will be basic - remonetarizing the economy. Information

on the state of the system will be at a premium, and early definition of goals

will primarily be accomplished at the local and regional levels. Institutional

patterns may develop that are very different from the peacetime mode, e.g., the public

sector assuming roles reserved in peacetime for the private sector, and the

priorities attached to some traditional areas of governmental operations may be

rtarively low.
2

An innovative approach to the combination of analytical tools for appli-

'1Li,,n to this environment is therefore in order. The picture of the system these

tools incorporate for the analysis will be postulated less on observations of

iSee Sydney G. Winter, Jr., Economic Viability After Thermonuclear War: The
Limits of Feasible Production, The Rand Corporation. (RM-3436-PR), September
1963.

2S, Francis W, Dresch, Information Needs for Post-Attack Recovery Management,
Stanford Research Institute, April 1968.
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basic characteristics revealed by macroeconomic relationships and more on

psychological and sociological predictions concerninp individual and grou,

behavior and notions of economic rationality under extremc uncertainty.
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1',. Inventerv of tools and Techniques

Analysis o: is-ues in preparedness and recovery is difficult and complex.

Except at the most basic technical, engineering levels few of the prcblems art

simple. Most involve consideration of trade-offsand assessment of impacts else-

where within the system. For example, devoting resources to a specific purpose,

such as military goods production, leaves lesser amounts of goods and services

available for other uses. This in turn can impinge seriously on the ability to

achieve other g,,I], on productivity and labor force control, and so forth.

Finally, in turn, increasing devotion of resources to a specific use in the short

run may erode capabilities to serve that need in the longer run. In other words,

there is a cascade of effects, with feedbacks, both within the short-run periods

(say a year) and across years.

The analytical problem is made even more complex by radical alterations in

structure of the real world economic-political system. Such changes can occur

either through vastly different initial positions from which recovery is to

take place (that is, the extent of damage),marked shifts in institutional arrange-

ments (such as revamped commercial, civil and criminal codes, substitution of

direct allocation for market operation, etc.), or other elements that basically

modify behavioral patterns and responses.

Given the complexity and diversity of analytical problems and the vast range

ot possible system responses, no single tool or technique can be used to answer

satisfactorily the many recovery questions that are to be resolved. Included

in those questions, of course, are issues of what resources are to be devoted

to what purposes in what time frame at which locations, how the resource allo-

cation is to be effected, how the system is to be monitored and controlled, and

so forth. A variety of tools and techniques are needed for those purposes.

Moreover, some are appropriate for specific problems and not for others. Also

special adaptations are required in order to be able to analyze selected questions.
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In what follows, some well-known tools and techniques are described and

:P examples are given of their application to preparedness and recovery analysis,.

Included in the discussion are conceptual limitations of their use for thos,

purpose>.

The tools covered here are those involving extensive use of formal

mathematical expressions (equations and inequalities) enabling analyses to bL

conducted in rigorous and reproducible fashion. Other disciplines and tools,

such as sociology, psychology and organization theory, are sure to prove useful

for recovery analysis, too. In general the latter involve greater emphasis

on subjective assessments. This is a limitation, but not one which should be

considered fatal to their useful application. Limitations of time prevent fuller

discussion of those fields and methods in this report.
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* A. Econometrics

1. Description and Standard Application

* Econometric analysis proceeds from the postulation of functional

relationships among economic variables. The parameters of the relation-

ships are then statistically estimated from empirical data. While a

single functional relationship between two economic variables might be

called an econometric model, large-scale models encompassing a description

of complex economic systems can consist of hundreds of estimated equations.

After a model is specified and estimated, it is typically subjected to

system testing and calibrated. The model's error properties can be tested

over the sample period, by comparing a model solution with observed data

outside the sample, and by examining the response of endogenous variables

to changes in inputted values of exogenous variableg for consistency

with a priori knowledge.

Standard applications of econometric models include forecasting,

structural analysis, and policy analysis. The utility of the model for

application depends on the stability of the estimated relationships.

* These relationships may be characteristic of technological, behavioral,

or institutionally-determined causality among the variables. If the model

is to be applied over a particular regime, these relationships should

exhibit stability, i.e., give plausible results within those bounds. If

L system-testing reveals this is not the case, the model may be improperly

specified, that is, key explanatory variables missing In the specification

of some functional relationships, or the underlying structural relation-

ships valid over the sample do not hold outside that sample.

An example of structural analysis using an econometric model is the

examination of variation of capital intensities and capital-labor substi-

tutability across industries. In an elaborated model of industrial production

L and markets for outputs and factor Inputs, the analysis will involve not

only the technological relationships of the production process, but also

the economic behavior of producers facing market-determined prices, wages,

the cost of capital, etc.
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In the application of econometric models to forecasting, the judgment

of the analyst is often a critical element in structuring the model solutions.

The usual approach is to begin with a baseline forecast. The baseline wi:1

incorporate the analyst's assumptions about the most likely values for the

exogenous variables in the model. For example, key exogenous assumptions

for a macroeconometric mod, o, a national economy today would include the

rate of increase of the price of OPEC oil over th, forecast period. ThiS

in turn impacts on the balance of payments, trade flows, rate of inflation

and so on--repercussions which spread throughout the model. Variants of

the forecast are then typically prepared with alternative sets of assumptions, rA
indicating the sensitivity ol economic variables of interest. The prepara-

tion of forecasts is often an iterative process, with the analyst intervening 4

where the model-generated responses, in his judgment, understate or

exaggerate movements that would be expected a priori.

Policy analysis is a similar process which can be performed over

the forward period (in forecast mode) or over the historical period (counter-

factual mode). The latter can be a useful starting point for sensitivity

analysis because the baseline scenario is supplied by observed data. Thc

variants of interest in these analyses relate to the set of exogenous

variables which are instruments of economic policy. These policy instruments

may have impacts which in turn vary with respect to exogenous variables that

are not subject to manipulation by instrument-setters in question. Thus

variants of policy may be prepared around alternative baselines. For instance,

building on the example given above, the impact of alternative monetary

policies, perhaps represented in the model by an exogenously set money

supply, on the rate of growth of wholesale prices might be examined given

three alternative assumptions about the increase in the average price of

imported oil.

The design and implementation of an econometric model is necessaril\

closely related to its intended application. A model for long-term

forecasting would not aim at capturing short-run responses reflected in

variations in quarterly data. An econometric forecasting model for a
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partiular region of the country would probably have only a minimal monetarv

sector, apart from the response of local activity to interest rates which

are determined on a national basis.

Some of tht, major areas of application of econometric analysis hav,

includt.' !,, t 1ot i ,

" the impact on prospects for economic growth and the standard

of living of economic policy and regulation, resource constraints,

technological progress;

" impact on employment, prices, production and end-uses of

alternative monctarv and fiscal policies;

imnn, t of international trade and financial activity and

domestic policies on foreign trade and payments positions;

" regional development prospects;

* impact of alternative policies on patterns of income distribution.

Suggested Applications for Preparedness and Recovery Analysis

In the analysis of economic recovery, econometrics offers a tool wit|i

which to address the performance of the economic system, production

possibilities, and the response of that system to control mechanisms

(including the peacetime concept of policy instruments). Elsewhere, we

have resolved preparedness and recovery programs into two classes: mitiga-

tion, which aims to reduce the negative impact on production possibilities,

and preparedness which aims to improve the responsiveness of the system

io control mechanisms. Thus, to the extent that an econometric model

ear, portray the funtiuning of the system and its response to instruments,

it holds promise as an analytical tool. On the other hand, it is a

positivistic tool. Econometric methods alone can not determine the

desirability of outcomes that is involved in the setting of goals and

instruments.

Assuming, then, that an econometric model provides a satisfactorv

description of system performance, and given initial conditions and thc

settings of instruments, the recovery analyst can ask the following sorts

of questions:

I I .
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* What are the trade-offs over time between military outlays

and other end-uses of national product?

9 What are the impacts on production possibilities of various
sets of initial conditions?

e What levels and composition of consumption per capita can

be supported over time given resources and other claims

on output?

* What is the return to investment in terms of the growth.

of production implied by alternative sectoral patterns

of investment?

* What would be the contribution of external economic flows

in expanding production possibilities?

* What regional disparities could be expected with alternative

sets of initial conditions and investment policies?

9 What are the implications for output composition, economic
growth, and income distribution of particular wage and price

pol icies?

3. Conceptual Limitation-

Apart from the fact that an econometric model alone cannot handlc

normative questions, the primary limitation in the application of econo-

metric methods to preparedness and recovery analysis is the requirement

for a significant sample of historical data from which to estimate the

parameters of the system. If the functioning of the system is so altered

by the change in the environment that inferences from historical experience

are not likely to hold or data on similar experience is lacking, little

faith can be placed in the picture of system performance and system response

presented by an econometric model.

On the other hand, if the range of the damage to the economy is

light-to-moderate, a significant degree of continuity of economic processce

can be expected. Thus, an econometric model, with some modification of

the peacetime specification, would prove a useful analytical tool for

t. such a scenario. Assumptions are required about the applicability of

technical and behavioral relationships estimated over the sample period,
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and thus care is necessary in interpretation of the results of model

simulations. Analyst intervention may assume a more important role

than in either standard forecasting or policy simulation.

4. Other Comments

Building and maintaining econometric models can involve substantial

resources. Assembling data represents a significant effort for any good-

sized model, while models based on time-series data, especially annual, are

likely to find specification and estimation alternatives limited by data

availability.

Vhile econometric models alone cannot solve the questions of goal

formulation and settings of instruments, they can usefully be combined with

other techniques for these purposes. E,-onometric models can be incorporated

as a system description (set of constraints or "laws of motion") in pre-

gramr..ing or control theory ("optimal control") approaches, although,

computational problems may result for large systems.
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E. Input-Output Analysis

.. Description and Standard Application

An input-output table indicates the flows of goods and services between

the sectors of the economy at a point in time. The data involved in pre-

parin . a table may be derived from census-type information either via

samplint, or exhaustive reporting. By making certain assumptions, this

informatioo can be manipulated to examine alternative sets of outputs feasible

with the technology prevailing (represented by a matrix of input coefficients--

dollars of input x per dollar of output y). The key assumptions are that

technology is linear--coefficients are fixed--and relative prices do not

change. No substitution of one input for another can occur, or in other

terms, if you don't have any paint, you can't produce any airplanes.1 By

means of matrix algebra, the matrix of direct input coefficients is manipu-

lated to produce a matrix of direct plus indirect coefficients, so that for

any specified set of final demands (gross values of output of the producing

sectors less intermediate or interindustry uses), if the set is feasible,

the required gross outputs of each sector can be determined. Thus, end-use

requirements can be directly related to demands for sector output.

Input-output techniques are primarily used for structural analysis and

in some cases short-term forecasting (although movements of coefficients

over time can be modeled econometrically to extend the appropriate forecast

horizon). While prevailing technological relationships are explicit in an

input-output model, underlying behavioral and institutional relationships

are only represented ex-post by their impact on the intersectoral flows.

That is, decisions on output levels, input mixes, and the individual decisions

which are aggregated into the set of final demands are the result of the

response of decisionmakers to prevailing prices of outputs, inputs (including

labor and capital services), levels of disposable income, tastes, etc.

1 Where an input is the output of one I/0 sector, and all output of that F

sector is assumed to be homogeneous, or infinitely substitutable as an
input to production.
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Typically, input-output analysis is applied to questions such as

the following:

* is the economy (national or regional) capable of producing a par-

ticular set of final demands?

" what would be the impact of specified resource constraints or
capacity constraints on the set of feasible final demand vectors'!

* what is the impact of changing composition of final demand on re-
quirements for sectoral outputs?

what is the relative importance of specified sectors (considering
direct plus indirect requirements) in satisfying particular end-

use requirements?

2. Suggested.Applications in Preparedness and Recovery Analysis

As in the analysis of the peacetime economy, input-output techniques

can be applied to very much the same types of questions presented above.

Again strong assumptions about the prevailing technology must be made. Alsu',

as ve have seen, in order to answer any question about the dynamics of the

system, some technique must be used to move the matrix of input-output co-

efficients over time. Care must be exercised in interpreting input output

results with regard to the realism of the assumptions and the confidence

that can be placed in the individual coefficients.

Because many issues related to the design of preparedness programs con-

cern the importance of particular industrial sectors to the production

possibilities and the sectoral composition of end-use requirements a picture

of the postattack economy in an input-output framework is a particularly

useful tool. In fact many of the previous attempts to model the postattack

economy have centered on input-output technology analysis. As in standard

application, the input-output technology matrix can be used tc, examine the

feasibility of various sets of final deliveries, the requirements for sectoral

gross outputs given a set of final demands, or the implications of a parti-

cular capacity constraint for production possiblities. An input-output

approach can be used as a means to describe production possibilities In com-

bination with other tools to examine implications and compatability of goals

and the settings of instruments.
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-. Ceut ,tual I imi tat ion

Some of the limiting assumptions of input-output techniques have

already been indicated above, but to restate therm:

* An input-output table presents a static picture of the econo>.

* The coefficients of an input-output technology, matrix reflect

- a particular mix of technologies corresponding to
scale of production, etc.

- a particular mix of products which are viewed as
homogeneous in the I/O schemic

- a particular set of relative prices

0 No substitution between sectoral deliveries in production is
allowed for, while within a sector all of the output is per-
fectly substitutable as an input to production or for final
use.

One would speculate that, with any significant degree of disruption, the

mix of technologies and composition of sectoral output would change con-

siderably. Thus, the specification of the input-output coefficients would

present considerable difficulty. Furthermore, the sectoral composition of

end-uses, consumption, government expenditures, etc. could also be expected

to differ significantly from peacetime.

Input-output analysis, per se, can only answer questions about production

possibilities at a point in time. Input-output relationships, however, can

be incorporated into an analytical system with other tools to address optimiz-

Ing strategies. The implications of the assumptions of the input-output

world, of course, would similarly apply.

4. Other Cowinent s

While input-output techniques have been characterized as addressing a

static picture of the economy, methodologies have been developed to move

input-output coefficients over time. Linear extrapolation of coefficient

changes from two or more benchmark tables are one approach, although with-

out an understanding of why movements take place, confidence in the estimated

coefficients is not great and the resulting matrices must be balanced. The
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RAS techniquc is an approai Lo adjusting rows and columns iteratively

based on same control figures that assures a balanced table will result in

a table which is a plausible but not necessarily the correct input-output

picture consistent with the control information obtained separately. The

technique has been applied to Soviet input-output tables as reconstructed by

the Foreign Demographic Analysis Division of the Commerce Department to

develop a time series of input-output tables for use with the SRI-VEFA

Econometric Model of the Soviet Union.' The LITM model developed for the

Federal Preparedness Agency by DRI employs flexible input-output coefficients

which respond to changes in the prices of primary inputs.2 An attempt to

model such changes in a post-attack environment could draw on these techniques,

but would certainly be an ambitious and largely speculative effort.

ISee Donald W. Green, et al, The SRI-WEFA Econometric Model of the Soviet
Union, Phase III Documentation, SRI Technical Note SSC-TN-2973-5,
January 1977.
2See E. A. Hudson and D. Jorgenson, The Long-Term Industry Transaction Model,
GSA/FPA, July 1979 (TR-109)
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II

S. S\'ster- Dynamics

i. DcL-ription an,, Standard Application

System dynamics is an approach to formulating a picture of the economy

over time via a set of equations that are solved much like an econometric

model. The major differences between this approach and econometric modt-lim:

lie in the specification of the model structure and the association of values

with the model parameters.

A system dynamics MOdLI relies heavily on microeconomic relationships in

specifying the structure of the economy, that is, a portrayal of individual and

corporate decisionmaking which in the aggregate explain macroeconomic phenomena.

For example, demands for primary factors are not derived either from aggregate

production functions or from aggregate demand considerations, but rather produc-

tion decisions might be represented by an ordering function which responds to

order backlog for the factor inventories, delivery delays, prices, expectations,

desired production rates, etc.' Thus, while a system dynamics model would

normally have equation blocks which correspond to those of a macromodel, the

embodied statements of causal relationships may differ considerably.

The parameters of these relationships do not depend primarily on

statistical estimation methods applied to historical data series. Parameters

are set via the opinion of experts on the relationship of the dependent to the

independent variables. This is not to say, however, that in some cases parameters

derived from estimated relationships among historical data are not incorporated

or at least considered in the setting of other parameters. Primary emphasis however

L, on reflecting the modeler's perception of key influences in decisionmaking,

incltding the influence of psychological and sociological factors which may

underlie but are not specifically treated in an econometric model.

ISee for example Nathaniel J. Mass, "Introduction to the Structure of the
System Dynamics National Model," Monograph, M.I.T., January 1979.
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A system dynamics model is applied primarily for the purpose of long-ter

policy analysis rather than short-term forecasting. Policy-making processes

may be incorporated in the structure of the model and the implications of

alternative policymaking rules or modes derived via the altering of parametersr

in the equations describing policy response to state variables. Thus question

very much like those addressed by econometric models are also addressed i,

system dynamics models:

" impact on prospects for economic growth of alternative
economic policies (or policy response modes) and resource
constraints;

" impact on employment, production, prices, and end-uses of
alternative policy environments and resource availability;

" impact of altered perceptions (expectations) of the future
on economic decisionmaking and performance; and so on.

-. Suggested Application for Preparedness and Recovery Analysis

System dynamics offers a tool with which to examine the performance of

the postattack system in terms of production possibilities and responses to

settings of instruments. The control mechanisms can be partially endogenized

as discussed above. Psychological and sociological factors can be explicitly

handled in the model, which would reflect characteristics of the environment

that should perhaps be explicitly incorporated in a consistent manner.

Such models could be applied as in the analysis of the peacetime economy

above. While a search for optimal settings of instruments is possible via

alternative simulations of the model, to the degree that instrument setting is

endogenized, however, great care would need to be exercised to assure con-

sistency of adjustments in policymaking modes.

3. Conceptual Limitations

While it was noted that econometric modeling required a significant

sample of historical data from which to estimate parameters, system dynamics

requires instead knowledge of decisionmaking behavior, primarily at the micro

level. This knowledge should pertain not only to some base period, but also
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to the ranve of environmei:.s h,, be addressed by the model. In the case c4

analysis of recovery phenomena, such knowledge, even drawing on historical

experience under emergency conditions, is not available. Rather, speculatio:,

must be relied on and heretofore, speculation has addressed primarily broad

trends in psychological, sociological and economic behavior of individuals an!

groups that might be anticipated in a post-strike emergency. 1 Even the results

of concrete psychological experiments in which great pains were taken to

simulate postattack conditions (e.g. to examine behavior in shelters over

considerable periods) have been questioned, given the inevitable lack of

realis.. It might be assumed that the less the disruption of the syster.,

the closer to behavior with which there is accumulated experience. In some

regards, however, even light damage may result from actions which severely

alter the perceptions of individuals in the following period (a crisis of

confidence, perhaps). Nevertheless, as in the case of econometric modeling,

it should be expected that the light to moderate damage environments are

those in which one would have greater confidence in the accuracy of the

model relationships that guide system performance.

4. Othtr Comments

System dynamics, like econometrics, does not per se provide answers to

normative questions. That is, such a model provides a picture of how the system

performs (production, control mechanisms) but does not prescribe actions that

should be taken. If a large enough number of simulations of the model are per-

formed, varying the settings of instruments, given objectives and a methodology

for evaluating outcomes, guidance for preferred settings can be derived. The

system dynamic model can also serve as the "laws of motion" for an optimal

control problem, and then optimal settings of instruments over time can be derived.

'See Bruce C. Allnut,"A Study of Consensus on Psychological Factors Related to
Recovery from Nuclear Attack," Human Sciences Research, Inc. May 1971; and
Raymond D. Gastil,"Scenario for Postattack Social Reorganization,,, Hudson Institute,
August 1969 (HI-1188-RR).
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L Optim, Control

1 . 1h~cririmandStandard Application

Optimal control theory, first applied to the problem of engineering feed-

back contro'l, is an approach to guiding a system over time so that, as closel'y

as possible, certain criteria for the performance of the system are met. The

elements of the optimal control problem are,

" a description of the system (in terms of relationships
between rates of change of the variables, i.e. differential
or difference equations);

" constraints on the variables;

*boundary conditions for the variables; and

*a cost function which is to be minimized.

In application to economicquestions;, the system is a model (based on an

econometric model, etc.). The constraints are limits on the permissible varia-

tion in key levels (e.g. interest rates). The boundary conditions are the

initial values for variables and desired values at the end of the time horizon.

The cost function places values (national priorities, for example) on deviations

of actual values from targeted values for key variables and aggregates them for

each point in time. When all these relationships are specified together with

the optimization conditions (derived from the application of the calculus of

variations), the system of equations is solved backwards in time, and the optimal

vectors of values for control variables over time are determined.

Optimal control approaches have been utilized in a number of planning

problems:

* To determine optimal planning behavior for a centrally planned
economy;

*To examine optimal stabilization policy for a mixed economy;

*To examine optimal investment/consumption allocation with growth
models, particularly for developing countries;

*Planning production activity at the micro level.
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S~l~cs~jApplication fur Preparedness, and Recovery Analysis

Optimal control is a normative technique. That is, given a description

of the system (an econometric or system dynamic model, etc.), objectives, an,-

constraints, direct implications can be derived for the setting of control

instruments. Therefore, optimal control is applicable to the following sort

of questions about the postattack economy,.

" Optimal settings of instruments (control variables, which in
postattack environment may be more or less numerous than in
peacetime such as monetary and fiscal policy instruments, price
and wage policies, or extraordinary controls such as on per
capita consumption)

" Optimal growth strategies, that is, optimal capital accumula-
tion programs given tine preferences

" Shadow prices for variables which describe the state of the
sys temn; that is, given objectives and boundary conditions, under
optimal instrument settings, which aspects of the system state
are most important in preventing the achievement of targets in
each period.

Clearly optimal control techniques are directly applicable to policy questions

both for optimizing recovery behavior and for preparedness programs.

3. Conceptual Limitations

From the foregoing discussion, it can be seen that the utility of optimal

control would depend on an accurate picture of the "laws of motion" or

dynamics of the system. Thus in adopting a particular econometric or system

dynamics model, the assumptions and hence the limitations of that model would

be in force.

Secondly, it may not be possible to incorporate into the optimal control

problem all of the constraints on levels and variability of instrument settings

in the part~cular environment. Thus, a particular program of policy setting

might be infeasible for political, sociological, or psychological reasons

while optimal from the point of view of the optimal control program. If in

the particular model of the system these influences are appropriately

incorporated as well as in the social "cost function," then the problem may

be somewhat lessened.
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Third, given the computational requirements of optimal control solutions

and the current state of the art, non-linearities in the system model are to

be avoided. While most large scale peacetime econometric models are highly

linear or can be readily linearized, linear functional forms may well not be

appropriate for various types of models of the postattack system--that is, a

linear description of a particular subset of dynamic behavior may not be an

acceptable approximation.

4. Other Comments

Optimal control solutions can prove to be very expensive in light of the

computational requirements, particularly for complex systems. Therefore, appli-

cations are generally limited to small systems with relatively few instruments.

Note that in the reformulation of econometric models for control problems, the

lag structure if it is complex, multiplies many fold the number of state

variables which must be treated.
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L. Programming,

1. Description and Standard Applicatior.

Programming is an approach to solving resource allocation problems

* in which the constraints are expressed as inequalities (for instance, the

production of commodity x cannot exceed the capacity of a particular

production unit). The problem is to allocate resources among activities

such that a particular objective function is maximized (minimized) and the

set of constraints are not violated. The algorithm which solves this

problem is concerned with minimizing, as well, the set of possible alloca-

tions which need to be examined and the order in which these are examined,

so that an optimal allocation is determined as rapidly as possible. A

common formulation of the problem, computationally the least demanding,

is the linear program. In this formulation, the operative constraints arc'

represented as linear functions. One basic principle is that if there are

mn choice variables, the solution will occur when at least mn of the constraints

* are met as an equality. That is. the solution will lie at an extreme point

of the boundary of the feasibility space. The constraints are then solved

as a set of simultaneous equations to identify the extreme points and these

points are evaluated in a particular order to determine the optimal solution.

Approaches have also been developed to handle non-linear constraints, andI

dynamic programming problems.

As the description indicates, the programming approach is applied to

solve resource allocation problems, such as:

optimal production-mix; outputsI

"transportation planning

stockpiling decisions

*optimal capacity decisions

* optimal inputs to production, etc.
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2. Sugge'sted Application in Preparedness and Recovery Analysis

Programming approaches would be useful in recovery analysis for

establishing production possibilities and in obtaining settings of instru-

ments. In examining production possibilities, the programming analysis

would address the optimal produition relations given the pattern of resaurcc

constraints, In regard to tht setting of instruments, programming approaches

are applicable to a wide variety of optimization problems. Thus, given

objectives and constraints, optimal allocations of manpower, scarce

resources, capacity (industrial, transportation, warehousing), etc. can

be determined. Given time preferences, optimal allocations over time

can also be derived.

3. Conceptual Limitations

The primary concern with the application of programming to a resource

allocation problem is a large and complex feasibility space. In this

situation, the number of possible optimum solutions (extreme points) is

not readily handled by existing programming algorithms. Further, the

optimum point in a programming problem may be determined to be a corner

solution (the intersection of a constraint and an axis, which may' also

include, depending on the constraints, the origin). In this case, the

recommendation of the program is that one, several, or all the activities

not be undertaken at all. If this is not acceptable, the problem must be

reformulated to provide an appropriate answer.
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F. Decision Theory

1. Description and Standard Application

Decision theory provides a methodology for decisionmaking when altern,:-

tive outcomes of the choices are uncertain. Decision analysis allows for

the explicit treatment of subjective information in the assignment of

probabilities to outcomes and the consideration of risk aversion. Applied

to clearly structured problems with well-defined objectives, it is often

termed operations research, while in the case of application to very complex

systems for which structure and goals are only generally specified it is

often called systems analysis.

The first step in a decision-analytical approach to a problem is to

define the feasible sequences of actions (the decision tree) which result

in the range of discrete possible outcomes. The sources of uncertainty of

the occurrence of the outcome are identified and probabilities are assigned.

The expected utility of each outcome is then assessed, at which point time-

preferences and risk aversion are also incorporated. When an optimal outcome

is selected, the decision tree can be analyzed to determine an optimal strategy.

The process can be repeated assuming additional information is available

to alter the assigned probabilities. By examining the sensitivity of expected

utilities of dominant outcomes, the value of additional information-gathering

can be weighed against the cost.

Standard applications of decision analysis include:

* inventory control, quality control, production scheduling, etc.

* cost-effectiveness analysis for weapons programs

o research and development planning

e investment planning
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.u ted Aplication in Pre-areJ: a!id Recovery Analvsis

Decision theory can be used in recovery analysis in several alternativtL

wavs. It can be used to structure strategies for decisionmakers in goal

formulation exercises. It can be used to aid in arriving at a specificatieo

of decisionmakinp behavior in a system-dynamics approa-h to modeling per-

formance based on micro-relationships. Lastly, it can be used in relating'

analytical results associated with the probability of a particular svste7.

state occuring to program design and policy action5.

3. Conceptual Limitations

The utility in applying decision analysis to a particular problem is

diminished as the multiplicity of possible outcomes increases. It is often

the case, however, that particular strategies are clearly preferable to

others over the range of the underlying probabilities. The set of strategies

which is thus dominated can then be eliminated and the problem reduced to

a more manageable one. It is necessary, however that probability distribu-

tions of outcomes be known or assumed. Decisionmakers may be unable or

unwilling to make such assumptions in the case of very unfamiliar environments.

Furthermore, in the circumstances in which the decision is of extreme importance,

risk aversion by decisionmakers may be such that only a very limited range of

options would be considered in an operational context relative to a hypo-

thetical exercise.

4. Other Comments

Decision theory is ascribed to by the Bayesian school of analysis.

That is, intuition or subjective judgments are directly incorporated into

the assignment of probability. There is an opposing school which feels that

such judgments should not be incorporated into a formal analysis and further-

more that many key interpretive factors which should be used to apply a

stylized analysis to the real world cannot be quantified. Thus in this view,

the operational significance imputed to the results of decision analysis is

misleading.
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G Game Theor%

1 Description anJ Standard Application

Game theory describes tht strategies of acti': of participants in an

interchange, where each person acts according to his explicit preferences

for joint outcomes. Each participant must decide his action on the basis

not only of his preferences, but also his estimate of the other participants'

actions (based on their preferences) because the outcomes are jointly

determined. The rules of the game relate to the range of possible actions

by a participant and the mapping of the set of actions by all participants

into a particular outcome. Consider a game with two players. If the

preferences of one player are diametrically opposed to those of the second,

every gain in terms of the outcome for one player is a loss for the other.

This is termed a zero-sum game because the gain in the total utility of

the players in any outcome nets to zero. If this is not the case, a non-zero

sum game, negotiation is possible to eliminate some strategies that are

clearly dominated. Game theory is related to decision analysis in that it

examines decisionmaking behavior under uncertainty. Game theory, however,

is descriptive rather than prescriptive. It is neutral among participants

in its insights. It is applied to examine possible strategies and outcomes

given preferences of participants and the environment, and a preferred

strategy for a potential participant in the real world must still be selected.

Gaming is applied to a wide class of problems in which it is necessary

to examine the interaction of participants with conflicting objectives in

a particular environment. Games often include role-playing by participants

with computer simulation of outcomes, so that the players learn by experience

the usefulness of particular strategies in light of the reactions of others.

Alternatively, a team of players may be required to devise a strategy against

a computer-generated reaction and outcomes are evaluated by some form of an

autonomous control. Gaming is used to examine:
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* politico-military strategies for potential environments

* military planning

e altern:tiive outcomes of an oligopolistic situation for

corporate planninc

a development of management approaches

S L.tjCSted:\2 licIat ion in preparedness and Recovery Antl\'siL

The primary application of gaming in recovery analysis would be

the examination of thc coal formation process. The examination would

inc lude:

* stratc,,jic interactions with adversaries and allies an

implications for national security requirements, growth

strategies, etc.

0 integration of political, military, and economic factors

in goal formulation

* impact of potential regional, urban-rural conflicts etc.

on definition and attainment of national goals

market behavior given varying levels of competition and

regulation

* individual behavior in conflict situations.

3. Conceptual Limitations

Several problems arise when game theory is applied to complex real-

world situations. As the number of players increases and the number of

possible actions for each player multiplies, the analysis of alternatives

becomes very costly and implications less clear, remembering that gaming

is prescriptive and alternative strategies must still be evaluated. Second,

evaluating the preferences of real-world participants may involve assumptions

about consistent maximizing behavior that is not borne out in practice, e.g.,

at some points, corporate decisionmakers may be maximizing sales, staff-size,

personal control, etc. rather than profit. Lastly, structuring the game

so that that appropriate alternative choices of action are presented to
I-

participants and the rules of play are realistic may prove to be very

challenging, particularly if experience with a particular environment is

limited and the feasible set of actions is ill-defined, large, and constraints

on actions are complex.
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I.. ntormation Theorv

Dtscription and Standard Ap lication

Information theory provides a conceptual framework and methodoloc,.'

icr tht d, t, rmination of informational efficiency of a system structur .

It ha im; ortant applications for the design of computer systems, aut -

maticallv controlled production processes, etc. In application to econor>4

systems, information theory is concerned with providing criteria for the,

evaluation of resource allocation mechanisms in particular environments.

Iwo primairy criteria have been developed in this rezard. The first is

informational efficiency. An allocation mechanism is informationallv

efficient if each decisionmaker receives neither more nor less information

than he needs in order to make decisions optimally from the point of view

of system objectives. The second criterion is information decentralization.

A syster7 incorporates allocation mechanisms which are effectively decentra-

lized if a decisionmaker can arrive at optimal decisions only on the basis

of information which pertains only to him and an aggregate set of information

available to all decisionmakers. Thus in a perfectly competitive environ-

ment, market allocation is informationally decentralized because optimal

decisions are arrived at by a producer with the knowledge of his own costs

and relative market prices, similarly for a consumer who needs to know only

his own income and preferences in addition to prevailing prices. Further,

criteria for resource allocation mechanisms are developed concerning the

ability to achieve equilibria with particular desirable chacteristics.

2 ed Application in Preparedness and Recovery Analysis

The methodological approach of information theory would provide importan.t

implications for the design of information systems for the recovery period

which would be consistent with objectives, allocation mechanisms and the

particular environment. Systems could be developed for the local, regional

and national environments. In turn, the design of allocation mechanisms

could be carried out in such a manner as to improve their informational

efficiency and provide for a degree of decentralization concomitant with
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the orchestratioo of attainment of national objectives and the stringent

informational constraints of the postattack period. These consideration-

would obviously become more critical with increasing degrees of disrupti:-

of preexisting structures and mechanisms, scarcity of information, an.'

reduction of capabilitiet for information processing and dissemination.

3. Conceptual Limitation

There arc several limitations in the application of information theory

to this class of problems, given the current state of development. It is

generally limited in application to small, relatively non-complex systemsn.

It is also primarily oriented to competitive mechanisms in systems which

tend to equilibrium. This may well not be the appropriate characterization

of the postattack environment of interest. The approach, however, has

been extended to a broader range of environments and does hold promise for

further generalization which would have increased utility in applicati ,n

to recovery analysis.

I. Simulation

Simulation involves the repeated solution of a model of a system,

while varying across Eolutions the settings of policy instruments or thL'

values of variables which are determined outside the system. The sensitivity

of solution values to this variation can thus be indicated. The preference

for particular outcomes can then be evaluated, and conclusions drawn which

relate desirable policy actions to alternative system states and environmental

determinants of system performance outside the control of policymakers and

exogenous to the system.

The technique is not separately evaluated here for applicability to

preparedness and recovery analysis because the utility of this approach is

determined only in relation to the model of the system with which it is undertaken.

Thus it is discussed in conjunction with various modeling approaches described

above.
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J. Surm:iarv of lechniquei

The following tw(, tables present a tabulation of the applicability

of thej individuil techniqutes under alternative analytical objectives and a

brief surnarv of the character, capability, and limitations of the techniques-.

It will be useful for thL reader to glance back at these summnary tables-

at various points in the discussion in Section V in which key analvtical

issues are- relate- to appropriate techniques.
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TALE,1 3:

TOOLS, TECHNIQUES AIMD THEIR APPLICATION

(Partial list of use and limitation oi
tools and techniques being addressed

under ProjLt

E T

cU E

U L.

OPTI DlX CONTIWl

SIMU11LAT ION 44

PROGRVIN( 4 4

SYSTEM:S DYNA IMICS44

DECISION THEORYV V

ECONOM:ETRICS V

INFORIMATION THEORY 4

INPUT-OUTPUT V

GAME THEORYVVV
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V. Requirements for Analytical SystemE

A. Choosing an Analytical Technique

Many of the elements involved in the choice of an analytical technique

for application to a particular issue have been separately treated above.

They include:

" identification of the analytical objectives; that is, is the

issue a matter of examining

- goal formulation,

- production possibilities,
- control mechanisms.

- settings of instruments
or the process in which these system functions are interrelated

* the environment in which the system operates

- the degree of certainty with which one can describe system
functions

- the information that will be available to decisionmakers
- the anticipated locus of decisionmaking

- other environmental implications for system characteristics

* the spectrum of available techniques

- information requirements
- computational requirements

- conceputal limitations
- compatibility of techniques for application in hybrid

analytical systems

The characteristics of individual techniques were treated in the preceding

section, and the implications of three alternative environments were considered

at the end of section III. The identification of key analytical issues and

their relationship to analytical objectives was also begun in section III based

on an examination of issues arising from a consideration of preparedness and

recovery programs. A similar process was undertaken with the broader set of

policy concerns developed in the conceptual framework.

S05



The first and third categories of criteria indicated above, relating to

analytical objectives and characteristics of techniques, were utilized to

provide a set of candidate techniques for each of the analytical issues developed

ill the conceptual framework. In this section, the results of this process

are reported, and then, making some assumptions about the nature of the

environment, the second category of criteria are used to choose among these

candidate techniques to formulate illustrative analytical systems.

B. Further Elaboratir. of the Conceptual Framework

Table 3 following presents, in essence, two more columns which can be

appended to the conceptual framework in Section Il. The first of these addi-I
tional columns associates with each activity of the framework the key analvtica'
issue or issues which must be addressed by decisionmakers concerned with the

production of welfare in the society. These issues, as illustrated with a

narrower set in Section III, can be assessed as to the analytical objectives in

regard to system function.

The second of the additional columns is a result of an implicit considera-

tion of the relevant analytical objectives as well as the capabilities and limita-

tions of the individual tools and techniques assessed in Section IV. The candidate

techniques appropriate for application to the relevant analytical issues are

presented. The selection of a particular technique for incorporation into an

analytical system as indicated above would depend on the particular environment

and the compatibility with techniques applied to related aspects of system function.

This is consistent with the theme that has guided all of the foregoing discussion,

i.e., there is very limited utility in the analysis of any policy task in isolation

from the total picture of system performance.
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C. Recoverv Environi;ents an(' Analytical Svstems

As the process is initiated here to design an analytical system appr,-

priat,. for a particular environment it will be clear that some options will

have t, be left open. A choice among these options will depend on some

very snecific assumptions about the postattack environment that would be

unfoundt, if based on the research undertaken here. In fact, in light of

the very considerable cost of analytical system development, the speculative

nature of much of the past research on the description of the environment

provides an unsatisfactory basis for these choices. The environmental

description which determines the design of an analytical system will in the

end, of course, involve a probabilistic assessment of alternatives, but the

band of uncertainty needs to be well understood and reduced if possible.

Therefore, the environment descriptions employed here are quite incomplete

and suggested analytical systems necessarily are only illustrative of

design considerations.

I. The Light-Damage Environment

The key characteristic of this environment that guides design of an

analytical system is the likelihood that the degree of disruption of the

peacetime economic system after the immediate post-strike emergency will

not be great. Let us first consider the problem of goal formulation. If

the balance between national security and domestic concerns is not disturbed

by a heightened state of international conflict, national objectives might

be inferred from peacetime experience. This may well not be the case, however.

The process of goal formulation may be represented via a gaming scenario in

which the rules of the game are determined by the constraints on national

decisionmakers anticipated in the light damage environment, that is, portraying

a system much like the peacetime case.

Production possibilities could be examined via standard peacetime

techniques, with some minor modification if necessary to handle special

circumstances. Thus an econometric model would be an appropriate tool.
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If recovery' tasks varied significantly, due to spatial concentrations of

damage, regional disaggregation within the model is called for. In order

to identify key sectoral capacity constraints on system performance, a

dynamic input-output system could be embedded in the econometric model, alst, c:-

a regional basis if data permitted. Macro equation blocks would be required

to represent all the various major elements of the system as in the peacetim,

model--production and factor supply and demand, end-use determination, wap

and price determination, the financial sector etc.

Control mechanisms would be incorporated into the model specification.

Except for early phases, when analyst intervention in model solutions would

be of critical importance, control mechanisms would primarily be indirect,

although somewhat enhanced over pre-emergency instruments. Tius, fiscal

and monetary policies might be augmented by wage and price controls and

increased activity by monetary authorities in regulating the financial sector.

The settings of instruments could be derived by the application of

optimal control techniques. The macroeconometric model is reformluated as

the system to be controlled. The cost function is defined via the results

of the game. Targets for key state variables and constraints on the solution

are similarly determined. The timing and levels of control instruments are

then provided by the solution, as well as the deviation from the targeted

trajectory.

Thus one may arrive at a possible analytical system for a particular

environment. Informational requirements are seen to be time-series data for

state variables. For instance, relevant dependent variables can he implied

from the conceptual framework and from the specification of functional

relationships which determine them. Both data collection and computational

requirements for this system promise to be demanding.
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2. The Moderate-DaMl', Environment

The moderate-damage environment entails significant disruption of

peacetimL processes, but the elements of the system, in terms of tht lo~ur

of decisionmaking and production of welfare are likelv to survive in sor.

signiticmnt capacity. Regional and sectoral disparities in capabilitie

and even decree of viability are likely to be wide. Inputs for the maintcl!-

ance o: national security and domestic order may well be in short supply.

Comparable capabilities of potential enemies will play an important role in

determining requirements for defense activities. Information on production

possibilitit-s will remain difficult to obtain throughout the reconstruction

process. As capabilities expand over time, the conditions will approach

thte light damage case but it is unlikely that as close an approximation o:

tht. preexisting system will be reconfigured. Goal formulation can not bu

easil\ inferred from peacetime or even prior emergency experience, and thus

a game-theoretic approach then might be appropriate. A significant effort wouldo

be involved in designing the game to capture the elements of the decisionmakin-

environment.

Production possibilities would not be represented by an econometric

model or input-output system based primarily on specifications and statistical

estimation drawn from a peacetime period. Considerable modification of an

econometric model would be required. New specifications could be based

on previous emergency experience, on the implications of information

theory and decision theory for the organization of production activity, and on

the likely pattern of decisionmaking responses to system states under signifi-

cant uncertainty. As greater modification of estimated relationships in the

model takes place, it approaches system dynamics techniques. The

tenets of macroeconomic theory, however, would probably not be completely

discarded in the analysis of a moderate damage case.

If the regional disparities in levels and profile of economic activities

are projected to be wide, a linked regional modeling approach may well be

appropriate. Interregional ties would be dependent on notions of comparative

advantage given surviving assets and on the capacity of transportation and
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communications networks. As the model or system of models takes shape, ii

could be apparent that particular industrial sectors will play a key r,,!,

t in constraining regional and/or national economic growth or in meeting th,

requirements for particular priority end-uses. For these sectors, then,

thc specific structure of operations may become critical to analysis of Svster

performance. It is possible to develop a set of satellite industrial models,

incorporating engineering and economic relationship:, which would be linked

to the cor,. modcl. The modeling approach for each industry would depend

on particular conditions it faced in the recovery environment--complexit-

of technology, linkages to other sectors. spatial differentiation of

processes, etc.

Control mechanisms to be incorporated in the family of models would

be a mix of direct and indirect mechanisms evolving over time toward primary

reliance on indirect controls, barring a repetition of emergency conditions.

The design of control instruments and their impact on behavior would als:-

draw heavily on decision theory and information theory. The amount of infor-

mation available to policymakers would be a critical element in this desigr.

process.

Optimal control techniques could be applicable to the determination of

settings of instruments in the moderate damage case as well. The

nonlinearities and complexity of the system description, however, may limit

this application. Alternative programming approaches to optimization, or

repeated policy simulations may be required to provide guidance for settings

of instruments in this environment.

3. The Very-Heavv-Damage Environment

In this environment, although it is assumed the rudiments of the national

entity remain, the elements of the system that would prevail prior to a

significant period of reorganization could not be expected to resemble in

structure or function the preattack configuration. The meeting of require-

ments for national security, survival items, and domestic law and order would

overshadow planning for a balanced recovery of prewar capabilities for a

Programming approaches to optimal production organization may prove
useful for individual industry modf Is.
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considerable period. Regional and local concentrations of population wvouj

need to be as self-sufficient as possible and the reestablishment of produ -

tion units would be accomplished with meeting local requirements as a prim7r

goal. Areas which had suffered relatively little damage would have to s',i'

resources into production of high-priority items and would have to replac,

flows from areas of heavy destructio,. With severely' reduced communicatiolm>

and transport facilities and a rudimentary financial sector at best, market-

could not be relied on to allocate labor and scarce commodities. Key informa-

tional requirements would relate to inventories of essential resources and

finished goods, fixed claims on those items (e.g., subsistence) and production

start-up lead times and initial capacities. Again, a game-theoretic approach

to goal formulation recommends itself. The goal formulation process should

be analyzed at alternative levels--local, regional, and national and th,

integration of these sources of goal identification would consistute a major

element of the analytical process.

Because the settings of instruments would most likely involve direct

setting of production targets and allocation by rationing, the determination

of production possibilities and instrument setting would form an integrated

problem. A linear programming approach in which engineering considerations

and biological requirements are primary in defining the feasibility space

could prove to be one useful method for addressing this problem. Vhen

going from a static to a dynamic consideration of the problem, system

dynamics approaches to moving the constraints through time could be employed.

As sufficient reorganization and reconstruction takes place and the

feasibility space becomes larger and more complex, a model of the system

approaching the requirements of the moderate-damage environment could bc

envisioned. It should not be expected, however, that in time, the heavily

damaged environment duplicates the moderate case because the radically

altered system which takes shape in the earlier phases is unlikely to

evolve into as close a replication of prewar relationships as in thc

case described in the preceding section.
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*4. An Exemplar Analytical System

Initial reviewers of this study suggested the addition of an example of

an analytical system developed to support analysis of a specific class of

preparedness/recovery policy problems. This is attempted here in the

interest of a clearer expostion rather than a recommendation for a research

effort. As is indicated in later sections, it would be preferable to with-

hold the selection of items for a detailed research agenda until the f ormula-

* tion of a comprehensive research strategy is completed.

Given the discussion of the preceding sections, it is clear that the

environment about which one might most readily speculate is the light

damage case. Therefore the example of an analytical system will address issues

in that environment. The class of policy problems will be that of damage

mitigation--what categories of facilities are to receive high priority in an t
industrial hardening program. The key components of the analytical system

can be suggested:f.

" a macroeconometric model which would provide for determination
of demands and factors supplied (perhaps capital, labor, energy
and material inputs) and would include blocks to determine
prices, wages, financial flows, etc.

" an input-output system which would serve to impose detailed
material input constraints on production

" an optimizing routine would maximize an objective function
(with arguments being key endogenous variables of the macro-
model to which are associated priority weights) subject to
the input-output constraints.

Given initial conditions, and having established the relative priorities

of various end-uses, the system can be simulated. The solution set will

contain shawdow prices for sectoral outputs. Each shadow price will represent

the increase in the value of the objective function which would result from
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relaxing the particular constraint one unit, i.e. the marginal utility

of the sectoral output. This information would then serve to rank categories

of industrial facilities with regard to the accomplishment of the stated

objectives in the given environment.

The priority weights would need to be derived from outside this model.

The model could be applied together with a game-theoretic model for this

purpose or perhaps in a decisionmaking game with individuals playing the

role of responsible officials. In the latter case, the results of model

simulations provide decisionmakers with the consequences of their actions

and can stimulate adaptive behavior in succeeding periods or iterations

for a single period.

In the course of research, interregional flows or the characteristics

of individual sectors may be identified as critical to the implications of

results for program initiatives. Links to a set of regional models or

satellite industry models with the macromodel are possible, and indeed

these are features of models currently being developed for the peactime

economy. The preferred regional disaggregation, sectoral disaggregation,

etc. are not obvious a priori. They are likely to depend on the nature

of the environment and very much on data availability as well as the set

of specific analytical questiis which the model will be designed to

address.
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D. Preparation of a Research StrategyL

The discussion of the preceding section was illustrative of design

considerations for analytical systems based on a possible spectrum of

recovery environments and a full range of analytical objectives. To under-

* take the development of a family of systems with which to meet such a

broad variety of contingencies is certainly not feasible given development

costs. Nor is the probability of success concomitant with the cost for

developing each of these individual tools with regard tu relevant application

areas.

The task at hand is to couple careful assessments of the development

costs and likelihood of obtaining a useful set of techniques with the probability

of any particular environment occurring and the value of the availability

of such tools for handling policy with regard to that environment. While

such an effort is beyond the scope of this report, it is a manageable one

and vital to the development of a comprehensive research strategy.

Second, a more consistent and comprehensive statement is needed of the

missions in regard to preparedness and recovery with which central policyx takers

will be charged. This statement would relate not so much to the association

of broad policy areas with an institutional structure, but rather to the

operational concerns for the functioning of the socio-economic system. This

definition of missions would also be a critical element in establishing

priorities for a research strategy and perhaps for placing narrower bounds

on requirements for analytical systems.

Third, analytical systems development must be carried out in concert

with the design of information systems. It is clear that sufficient informa-

tion for the evaluation of potential system performance in recovery or the

operational guidance of the system during the recovery is not now collected

in an appropriate format nor would be available given the lack of provision

for such specific capabilities. The development of analytical systems would

provide the requirements for information systems. These in turn are critical

to the applicability of tools to particular classes of problems.
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VI. Research Priorities and Design Considerations

A. Research Strategy

The magnitude and complexity of problems involved in formulating plans,

procedures, and organizational structures for U.S. preparedness and recovery

1 needs on first consideration appear to be overwhelming. If attention is

limited to narrower issues, such as the hardening of industrial facilities

or provision of adequate food supplies, the question is left open whether

analytical results and program plans are consistent with overall welfare

9 maximization and structural and behavorial interrelations between components

of the system.

It is necessary, therefore, to conduct analysis within a total system

framework which recognizes such interrelations and feedbacks to the extent

9 practicable. A possible-framework is presented in earlier sections of this

study. This provides for comprehensive consideration of national objectives,

trade-offs between these goals, identification of production possibilities,

J and segmentation of analytical issues.

Defining a research agenda within that framework requires a set of

criteria for the establishment of analytical priorities. The key factors in

arriving at priorities are the likely scenarios in which the results would

be applied and the gains achieved by having prepared adequate plans and

procedures, and of course, resource limitations (both cost and time) on

the proposed research program. This process entails the assignment of the

probabilities that particular environments might be encountered in light of

military attack scenarios or potential natural phenomena. Further, given

those alternative environments, it also requires the preliminary projection

of benefits from proposed preparedness and recovery programs.

To arrive at a research design, not only the analytical requirements, but also

the cost and feasibility of meeting those requirements must be addressed.

Analytical techniques identified as appropriate for application to key issues

in a given environment must be assessed in terms of cost, data, and time

requirements, ease of implementation, degrees of confidence in and ability

to validate predicted results, etc. A preferred research strategy then is

formulated with due consideration of the results of the two preceding steps:
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*priorities derived from estimates of the potential expected
benefits from conducting and implementing results from various
analytical studies,

*cost, time requirements and other characteristics of individual
studies, as well as overall cost and time limitations.

When the expected results would be needed would influence the concrete -

research design as well. The research agenda would, of course, be subject

to revision in light of subsequent findings and events, including the

evolution of domestic conditions and international economic and political

relations.

The prerequisite for the design of the detailed research agenda would be

a refinement of the conceptual framework, of which this report has provided

a prototype. The first step in that process is to arrive at an ordering

by relative importance of an established set of national objectives in

preparedness and recovery. As was attempted here, the segmentation of national

performanep into discrete activities is a second step. To each of these

activities, characteristics of performance and appropriate indicators of

achievement should be assigned. This effort should receive high priority,

because from it will proceed the identification of principal analytical problems

from which the detailed research agenda could be derived. It is not necessary,

however, that the framework be fully elaborated before component problems

can be addressed.

B. Recommendations

To reiterate, then, the step-by-step recommendations for the preparation

and implementation of a detailed research strategy include:

Step 1: Prepare a statement of national objectives and
supporting preparedness and recovery missions,
i.e., refine the conceptual framework for the
analysis to follow.

Step 2: Conduct a probabilistic assessment of potential
reconstitution and recovery environments.

Step 3: Estimate the benefits to be derived from prepared-
ness and recovery measures afforded by anticipated
analytical capabilities.

Step 4: Structure candidate analytical systems and supporting
Information systems appropriate for given analytical
tasks and environments.

~~1*
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Step 5: Assess the cost and time requirements for the
development of the candidate systems.

Step 6: Based on priority ranking by expected potential
benefit, individual system development requirements,
and overall resource constraints, formulate a preferred
research strategy.

Step 7: Implement the research plan, subject to revision in light
of interim findings and the evolution of domestic and
international events.

This multi-step approach to a research design is required although

reasonable a priori expectations can be formed that selected tools will be

among the set to be implemented for preparedness and recovery analyses.

Clearly, econometrics, system dynamic, game-theoretic and other models will

be among techniques which would rank high in priority. Without the initial

steps of defining a framework and desired requirements in detail, however,

launching research with particular forms of tools would be premature for

a number of reasons:

the highly specific nature of the applicability of particular
tools with respect to alternative environments and analytical

objectives;

* the dependence of analytical capability on the availablity of data,

* the potential utility of a tool may not be concomitant with the
cost of development;

the need to be highly selective in order to maximize the expected
utility of the analytical systems developed, in light of what
are likely to be stringent resource and time limitations

* even with the development of potentially useful analytical tools,
the need for a total-system framework remains--are individual
results consistent with national objectives and priorities, as well
as with structural and behavioral determinants of system performance?

C. Contributions of This Analysis: Design Considerations

It is useful here to sumuarize what the authors of this report regard

as the accomplishments of this research effort that will further the develop-

ment of a comprehensive research design for analytical systems development.

This study has:

indicated the need for and defined, via the development
of a prototype, a framework which relates the functioning
of the soclo-economic system to national objectives and
trade-offs between those goals:
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provided an approach for the comprehensive identification of
production possibilities and a taxonomy of analytical issues:

examined a set of analytical tools and techniques and considered
the capabilities and limitations of each with respect to recover"
environments and analytical objectives:

established the need to integrate individual techniques to meet
analytical objectives and considered potential configurations
of integrated techniques: and,

* recommended a step-by-step approach to formulating and implementing
a research strategy for analytical system development.

The final section of this report will consider the state-of-the-art

of model application to issues in economic recovery. This will serve to

contrast the program proposed here with a research effort which has progressed

rather fitfully over the past three decades.
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VII. State-of-the-Art: Development of Analytical Systems for
for Evaluation of U.S. Reconstition and Recovery Programs

A. Introduction K

The succession of government agencies which have borne primary responsi-

bility for the organization and coordination of U.S. preparedness programs

and contingency planning over the past three decades have sponsored a number

of research efforts aimed at the development of analytical tools with which

to assess program requirements and effectiveness. On the whole, these re-

search efforts have not resulted in new analytical capabilities directly

applicable to a broad range of preparedness and recovery issues via an

on-going long-term research program. Some of the reasons pertain, perhaps,

to the shifting emphasis on and role envisioned for preparedness programs over

that period. Secondly, conceptual and computational limitations recognized

by both proponents and critics of those techniques called into question the

advisability of relying on them to resolve detailed operational issues, such

as concrete plans for resource management. Therefore, as indicated at the

beginning of the preceding chapter, the primary research focus has been on

limited issues in the absence of a total system framework for the analysis

of performance.

The broader research which has been undertaken, it should be noted, has

advanced the sophistication of analytical approaches to recovery analysis

and provided insights into key recovery and preparedness issues that have

altered the body of conventional wisdom which has guided the development

of program initatives. Moreover, some modeling efforts have resulted in

useful tools, primarily for application to issues of crisis mobilization

and stockpiling, although falling short of broader requirements outlined in

this report.

B. Addressing the Issue of Economic Viability

A primary motivation for the development of postattack economic models,

especially in the late 1950's and early 1960's, was to address the question

of whether the economy could function viably following a massive nuclear

attack. The primary analytical tasks were to determine anticipated
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effective production capacities and thus the capability of supporting variousp
levels of surviving population at or above subsistence levels. With a
notable exception, the answer provided by these studies was that without

doubt the economy would still be viable following an attack. Most of these

studies shared some important shortcomings which they explicitly' recognized:

questions of organizational failures and social upheavals, even
in the immediate post-attack period were assumed away-

*the use of historical values for key parameters was most likely F
inappropriate, both for technological relationships and establish-

4 ment of end-use requirements:

*the principal technique employed was input-output analysis and results
seemed to be very sensitive to the level of aggregation-,

*the evaluation criterion, despite the quantitative analysis, was
a very subjective measurement of viability.

The notable exception was the work undertaken at the RAND Corporation

by Sideny Winter. 1 Winter formulated the recovery problem as one of reaching

the point where production exceeds subsistence, fixed claims on output, and

depreciation before surviving inventories are depleted. The specification was

formalized in a highly aggregative growth model. Winter applied

the model to a number of alternative sets of initial conditions to demonstrate

that viability may not be assured. Despite the interesting results obtained

by Winter, the approach was not further elaborated in later modeling efforts.

C. Resource Management Issues

A second focus of foregoing modeling efforts for the post-attack environ-

ment was the identification of guidelines for preparedness and recovery planning

in regard to resource management. The work primarily proceeded from the notion

that certain key production sectors could be identified which would be

bottlenecks in post-attack recovery and would constrain the growth of the

economy, given that the system was assumed to be viable. The standard approach

was input-output analysis, usually with considerable sectoral detail. The

issue of substitutability of inputs into production was handled primarily by

alternative levels of aggregation and classification schemes, to which the

I
op cit.
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results appeared to be quite sensitive. The substitution of final goods in

deliveries to end-use was typically not addressed other than with a caveat.

* The exception to the treatment of the problem without adequate consider-

ation of these issues was represented by the PARM study. IPARM (Program

Analysis for Resource Management), developed by the National Planning Associ-

ation, was a set of computer models which were designed to interact via a

*set of decision-makers. Sets of input-output coefficients were replaced by

factor files which accounted for lags between inputs and resulting output and

functional relationships instead of fixed coefficients and could be altered i
to reflect substitution among inputs to production in order to break bottle-

necks. Time-phased vectors of final demands were generated by a consumption r
submodel based on stipulations by responsible decision-makers. The input-

output analysis was carried out iteratively with modifications in final demand

requirements until a feasible plan was obtained. The PAR!' system was not

*optimizinga, however, and while the end-result was a feasible plan, it was not

necessarily the preferred feasible plan. As in the case of most of these

exercises, no attempt was made to evaluate alternative outcomes, or only an

assignment of some notion of priority for classes of activities guided the

* solutions. Another comm~on problem was the lack of an appropriate data base

which would enable an analysis to derive operational plans. A successor model

which incorporated geographic disaggregat ion of activity was initiated, but

the research effort was not continued beyond the prototypes for the system.

D. Operational Models

Despite conceptual and computational limitations inherent in the models

described above, considerable experience with the application of mathematical

models to economic analysis through a broad range of concurrent research

could have served to expand the capabilities of further modeling efforts built

on the earlier work. A refocusing of research priorities, however, resulted

in shifting of effort toward narrower tasks--studies of industrial vulnerability,

potential for crisis relocation of population, crisis mobilization and stock-

piling, etc.

3 1 see M.K. Wood, "FARM - An Economic Programming Model," Management Science,

t Vol. II, No. 7, flay 1965, pp. 619-680.
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Over this period, a number of models were developed for and maintained

by the Mathematics and Computation Laboratory of the Federal Preparedness

Agency. While these models, as in the earlier resource management effort,

are primarily input-output oriented, they exhibit the increased capabilities

afforded by advances in computer technology and the application of mathematical

models to economic analysis. Having recognized the problems of an appropriate

database and lack of historical experience for the setting of key parameters,

these models have been developed primarily to address disruptions of the

peacetime economy rather than the post-attack environment. Applications, there-

fore, have included analysis of impacts of supply disruptions for key primary

materials, stockpiling policy to support crisis mobilization, impact of

emergency disruption and policy response, etc.

Two of the models, still in the development and testing phase, were

anticipated to be applicable to analysis of a post-attack system. The Temcris

model, developed by the Center for Planning and Research, is intended for

the analysis of economic adjustments under emergency considtions, to include

limited nuclear conflict. Demands are generated by a macroeconometric model

and linked to an input-output model via a linear programming routine. The

input-output system consists of fixed coefficients representing peacetime

technology and the forecasts, moreover, are not normative.

The development of the DGE'I (Dynamic General Equilibrium) Model was

undertaken by Professor Dale Jorgenson of Harvard and intended to measure

impacts of major emergencies--its possible applicability to catasrophic nu-

clear war remains to be explored. It combines a macro growth model with

input-output analyses, in which the input-output coefficients are functions

of relative prices and supply-demand relationships.

E. Observations

It is clear from the foregoing discussion that the state-of-the-art

of the application of mathematical modeling to economic analysis and improve-

ments in computational capabilities now offer considerably increased opportu-

nity for new analytical approaches to recovery and preparedness issues.

Moreover, insights derived from past approaches can be useful in developing

new tools.

Even with the introduction of more sophisticated analytical techniques

in the more recent research efforts, however, a key issue remains--the

applicability of models incorporating peacetime relationships to environments

which result from major disruptions of the socio-economic system. As this
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report has indicated, it is likely that alternative analytical techniques

will be required to address environments which differ in the degree of dis-

ruption of peacetime relationships. The analytical framework which has been

suggested, however, is intended to be applicable to the performance of the

socio-econonic system for whatever environment is appropriate to the

evaluation of recovery and preparedness programs. Proceeding from that state-

ment of analytical objectives, a total system analysis can be structured which

will attempt to incorporate the relationships anticipated in the environment

of interest. Thus, a continued research efforts holds the prospect of pro-

viding analytical capabilities which the earlier work reviewed had sought

but not attained.
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